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Part 1 - Introduction and Summary
1. BEQUIREMENTS FOR A MODULAR C3 FLEXIBLE INTRACONNECT

A new method for connecting devices, subsystems, and centers is required in
order to achieve a truly modular approach to the operational needs of the
Tactical Air Force.

Current Tactical Air Force C3 Centers are characterized by designs
which are tailored or custo>m-made for a specific set of operational recuire-
ments and equipment characteristics. While these designs provide the perfor-
mance characteristics identified as necessary at the time of conception, the
design approach had inherent limitations (due to the technology available) which
restricted flexibility, adaptability, deployability, growth, and interoperability.

A solution to these limitations is the development of modular elements
in each of three system segments: hardware, software, and connecting links.
The goals of such a modular concept would include:

® The ability to configure a wide variety of functionally different

centers

o The ability io assemble a wide variety of center sizes

o The capability of introducing new devices in the field as they are

developed, without center redesign or modification

e The capability for the center commander to reconfigure or reallocate

tasks and functions in the field in order to meet a changing
environment

o The ability to re-implement present day centers.

Recent technology advancements have made the development of a cost
effective modular design, achieving the goals listed above, feasible and timely.
Key areas of the new technolog) are microprocessors, LSIs, and fiber optics.

The Modular C3 Flexible Intraconnect Analysis is aimed at providing
a concept fcr one of the three segments - hardware, software, connectiag
links — that comprise a modular c3 design.

In order for the modular C3 concept to be successful, the intraconncct
design must strive to reach the same goals as other modular C¥ elements.
Therefore a first step in developing the intraconnect concept is the establish-
ment of specific characteristics and features which, if satisfied by the flexible
intraconnect design, would indeed satisfy these goals. The kev specific flexible
intraconnect requirements are listed in the table. Some were defined in the
statement of work, others werc defined during the coursce of the study.

1-0
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TABLE 1.1-1. FLEXIBLE INTRACONNECT DESIGN.REQUIREMENTS

e Provide the transmission capacity necessary to support present data
rates and those expected in the 1990 time frame.

e Transfer data via a method which is transparent to the contents of
the data being exchanged by intraconnect users.

¢ Provide a standard interface so that present and future devices -
both simpie and complex — can be tied into the net.

e Provicle for "sub-networks' for the exclusive use of groups of

] designated devices.

i e Provide for on-line, but not dynamic, reconfiguration of user

_ devices.
kﬂ e Provide self-checking capabilities and support security needs of
3 users.

e Transmit data over a 5 mile range.

e Interface with existing communications subsystems such as TCCF
microwave, troposcatter, and satellite.

T———
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Part 1 ~ Introduction and Summary

2. OVERVIEW OF THE FLEXIBLE INTRACONNECT

The Star/Bus Flexible Intraconnect, developed ir this Mod 03 Interface Analysis,
provides for all known present and planned Tactical Air Force C3 Center configura-
tion and information exchange requirements. Because of its inherent flexibility, it
is adaptable to the forseeable growth and interoperability needs of the future.

In an intensive study, analysis, and design effort, over a period of 17 months,
Hughes and the Government in a joint effort, developed a Flexible Intraconnect (FI)
concept and prelim/nary design for interconnecting the devices, facilities, and
shelters of Tactical Command and Control Centers. The FI as it is referred to
throughout this report, is designed with the flexibilily to meet current, planned, and
future requirements as they are projected to evolve irom today to the post 1990 time
frame. This design was accomplished by an interdisciplinary team of technical and
operational specialists, iteratively developing the F1 design in a three task effort:

1) developing an FI design concept, 2) analyzing FI interfaces, and 3) developing a
preliminary ¥I design. A major part of the effort involved analyzing the configura-
tions and operations of existing and planned TAF C3 Centers, studying the TAFIIS
Master Plan, developing current and potential requirements for the FI, and verifying
the design results

An exhaustive survey of data distribution system architectures and device
technologies, and a thorough analysis of potential user devicc interfaces were per-
formed. This resulted in the development of an FI design providing a high data rate and
connectivity capacity, positive flow control, and configuration flexibility in a Star/Bus
hierarchiai topology. In addition, a standard interface for connecting C3 devices to
the intracennect was developed.

The FI can be described in terme of its architectural components: topology,
protocol, and media. The FI design applies to single facility as well as multi-
facility centers. Figure 1.1-. illustrates the FI architecture applied to a five shelter
CS center. The shelters may be colocated or dispersed over a wide area. The swr/
bus topology provides for star connection of clustered equipments to the l.ocal Inira-
connect (LI), a concentrated 90 Mb/s TDMA bus, The LIs located near clustered
equipments within a single facility center (or within shelters of a multi-opr rations-
module center) are interconnected by the External Intraconnect (EI) which is a
distributed TDMA bus on fiber optic cables. As a result, all devices, in all shelters
on the FI are virtually interconnected. Double lines are shown in the figure to sym-
bholize a transmit bus and a receive bus harmonized to provide efficient propagation
time compensation. Point-to-point fiber optic connections with three 20 Mb/s fibers
per bus result in 60 Mb/s EI capacity. To increase survivability of the system a
passive fiber-optic cable bypass capability is provided at each shelter to allow FI
operation to continue in the event of shelter losses.

The protocol of data transfer coatrol on the ILIs and the EI is a time slotted
reservation system on a TDMA bus. Although the protocols are generally the same,
there are differences between the Local and External Intraconnects based on their
physical structures and control mechanisms. For example, even though cach Local
intraconnect and External Intraconnect operates within itself as a synchronous TDMA
bus, tliey are not synchronized with each otheér, That ig, they are asynchronous with
respect to each other, Also, the potentially dispersed External Intraconnect operates
with distributed control between shelters, but the concentrated Loca’ Intraconnect

1-2
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Part 1 — Introduction and Summary

2. OVERVIEW OF THE FLEXIBLE INTRACONNECT (Continued)

operates with centrai control. The Star/Bus combination provides for both
survivability and efficiency, by optimizing for typical center topologies.
The Local Intraconnect (based on a TDMA concept deveioped in Task I) is a
concentrated (inches long) set of 18 parailel TDMA busses operating at a nominal
5 Mb/s which results in a total capacity of 90 Mb/s (see Figure 1.2-2). Local Intra-
connect Units provide buffer and control interfaces to the Device Terminai Equipments
(DTE) with standard intexrfaces. The Preferred Standard Interface (PSI) has versatile
positive control (implemented in a simpie physical structure) and is ideal for ail
future command and controi devices. In a sheiter application, the standard interface
would be avaiiable at standard receptacies distributed appropriately on the internal
shelter walls. for convenlent connection of devices to the iocal intraconnect, Selected
Adapter Units (SAU), convert non-standard interfaces to the PSI, providing for opera-
tion with existing and other devices. The External Intraconnect Unit (EIU) provides
the asynchronous buffering and gating between the Local and Externai Intraconnects.
A Local Intraconnect Control Unit (LICU) provides timing, configuration, and reserva-
tion control for the LI. Special signals, such as analog signals, may be provided for
by digitizing them in an SAU and handiing them in the FI ac data messages, or they
may be handled in separate channels via an Analog Interface Unit (AIU). A Sheiter-
Shelter Unit (SSU) provides for direct connection between shelters or facilities not
otherwise connected by the external intraconnect. The AIU and SSU functions were
identified in Task I, but were not anaiyzed further. Task II and III analyses con-
centrated on digital data distribution via the Preferred Standard Interface, Local
Intraconnect and Externai Intraconnect.
The FI design provldes for three baste types of mesnages: Bloek, Virtual Bus,
and Lazy Susan,
e Block Messages — Variable length messages (up to 1024 words) either
broadcast or discrete addressed.
s  Virtual Bun Messagon — Varlable Tungth mossage s broadossl to all mumbiirs
of the bus,
o Lazy Susan Messages — Variabie length messages transmifted in a pre-
determined sequence to members of the bus. (e.g.. User 1to User 4;
User 4 to User 2: User 2 to User 3; User 3 to User 1).
In the EI, Biock messages are of two types. A Short Block (SB) message has
been implemented in order to make use of propogation delay times. The Short Block
messages are limited to messages shorter than 64 words.

1-4
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Part 2 - Suramary of Task 1 — Conceptual Design Analysis
1. CONCEPTUAL DESIGN METHODOLOGY

A series of highly interactive analyses enabled development of the most cost
effective conceptual design for a Mod C3 Flexible Intraconnect architecture.

Past TAF C3 systems have been developed to meet a limited set of
operational requirements and are so optimized for those requirements that they
may not operate together effectively with functionally related systems. In addi-
tion, they are characterized by high life cycle costs and long lead times from
validation of requirements to initial operating capability. Microelectronic
technology and interconnect techniques have progressed to the point where
standard modules, a flexible connection architecture and a standard interface
can be employed to integrate the elements of individual tactical c3 system,
Element modularization would support the development of flexible systems and
the reduction of design, procurement and operating costs. One of the key ele-
ments needed to realize these goals is the development of a flexible connection
scheme which has a common interface standard that can be effectively inte-
grated into existing systems and applied to future systems as well. Therefore,
the purpose of the Task 1 effort was to develop a flexible modular concept for
the connecting devices, shelters and functions which comprise a tactical c3
system.

This flexible intraconnect should provide operational users the flexibil-
ity to meet current, projected and future requirements. It should promote
interoperability of centers as well as equipments and it should not compromise
presently employed functional relationships and operational procedures.

Four major analyses were performed to arrive at a most cost-effective
Flexible Intraconnect design concept. They were (Figure 2.1-1) an analysis of
configuration alternatives, a functional information flow analysis, a technology
review and design concept development analysis, and a weighted rating trade
analysis of the design concepts. Because of the limited schedule available for
the analyses, teams were formed to address the individual issues, in as paral-
lel and simultaneous a manner as possible. There was significant iteration and
cooperation between the teams and the analyses tasks.

The analysis of the configuration alternatives task consisted of a survey
of existing and planned TACS C?3 centers, and an analysis of the TAFIIS Master
Plan, in order {o develop four System Configuration Concepts (SCCs). Functional
information flow analysis was performed on these concepts to develop equipment
connectivity and data distribution loading requirements for the Flexible
Intraconnect.

In an overlapping effort design engineers surveyed existing and develop-
ing technologies which could impact the FI design, and developed scveral
candidate approaches for FI designs, emphasizing interconnectivity, flexibility,
modularity, interoperability and survivability. These approaches were then
overlayed on TACS C3 center configurations, applying the developed load
and connectivity requirements to test the candidate concept. Iterations of
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the above process refined and narrowed the candidate FI concepts to six candidates
based on three fundamental approaches., The six candidates were then subjected to an
evaluation process that involved a weighted rating trade analysis, combined with cost,
sensitivity and consistency analyses, to select the most cost-effective FI Design

Concept. .
2
>
[~
DEFINITION OF SYSTEM CONFIGURATION %
o tobACCUREE R A CONCEPTS (SCCs) FOR PRESENT AND e
: FUTURE TACTICAL SYSTEMS
FUNCTIONAL INFORMATION FLOW CONNECTIVITY AND LOADING
ANALYSIS REQUIREMENTS FOR PRESENT AND
i FUTURE TACTICAL SYSTEMS

TECHNOLOGY REVIEW AND DESIGN
OF CANDIDATE FLEXIBLE INTRA- CANDIDATE FLEXIBLE
St INTRACONNECT DESIGN
l CONCEPTS DEVELOPED
L MOST COST EFFECTIVE
EVALUATION OF DESIGN CONCEPTS p—e FLEXIBLE INTRACONNECT

DESIGN CONCEPT

Six candidate Fls were
compared using weighted
rating trade analysis

Figure 2.1-1. Overview of Study Approach. Multidisciplined analysis went into the
; development and selection of the optimum FI concept.
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Part 2 — Summary of Task I, Conceptual Design Analysis

2, ANALYSIS OF CONFIGURATION ALTERNATIVES

Four sets of TACS 03 centers were defined and used as a basis for developing
and evaluating the candidate conceptual Ils.

The TAFIIS Master Plan was used as the primary source document to
develop the present, near term and future TACS systems. Four System Con-
figuration Concepts (SCCs) as shuown in Table 2.2-1 were postulated, to represent
the present Air Force TACS, the near term automation of some of the TACS
elements, and two future (1985-1990) systems.

The SCC-1 represents the present 407L System which is primarily a
manual system. The CRCs and CRPs are automated and pass digital track data
among themselves. All other centers were considered to be manual (FACP,
TACC, DASC, ALCC, etc.) with track data being passed by voice, and other
operational data being transmitted/received by teletype and facsimile.

The SCC-2 is a postulated upgrading of the 407L System in consonance
with the objectives of the TAFIIS Master Plan. The TACC was separated into
two centers (operations and plans) and incorporated the appropriate intelligence
functions into each., The FACP was assumec to be automated and intercomnaected
with the CRCs/CRPs for the passage of digital track data. All other centere
were manual, with teletype and facsimile located in the appropriate centers.

The SCC-Z was developed as one of two alternative systems for the
1990s. The anticipated highly mobil threat in the European environment and the
rapid advance in automation technology indicated that TACS netting and rapid
dissemination of tactical information was essential for survivability and to
counter the threat. Therefore, all TACS systems were automated with the addi-
tional capability to pass high resolution photography, video and graphic displays
digitally from center to center as may be required. The teletype and facsimile
capability was retained where it was employed by TACS centers in the SCC-2
configuration. An essential difference in SCC-3 over the previous SCCs, was
that centers were now shelterized in either 8x8x20 foot or 8x8x10 foot shelters
to provide centers greater mobility. Each center was reviewed to determine the
essential manpower requirements (based on Tactical Air Control Manuals,
TACM 55-44 and 55-45) to perform the requisite operational functions. Based
on these functions, the numbers and types of shelters per center were
assigned, and numbers and types of data processing equipments were assigned
to each shelter., These configurations were used in the next task.

SCC-4 was an alternative to SCC-3. Because of the anticipated high
density, highly mobil threat, the FACPs were increased and given greater opera-
tional autonomy. This was possible through the concept of centralized control
and supervision, but with delegation of greater responsibilities for execution to
lower echelons (FACPs). The greater number of FACPs nearer the FEBA
allowed for rapid setup and teardown to move, relocate and be on the 'air' to
counter the enemy threat. In conjunction with the increase of FACPs (truck
mounted and mobil) the CRCs were deleted from the TACS. Another minor
change in the concept was the decrease in the number of large shelters (such as
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at the TACC operations and plans centers). This latter change had no significant
effect on the FI loading.

A large force deployment, as specified In TACM 55-45, was used to
determine the total number and type of TACS centers. Therefore, it was a
development task to arrive at a force strength that was realistic and would serve
to bound the high level of traffic in a high density combat environment.

- TABLF 2.2-1. SYSTEM CONFIGURATION CONCEPTS
Four SCC's represent a postulated set of evolutionary TACS C3 centers

from today through the 1990's,

SCC-1 Primarily manual, todays TACS. The CRCs and CRPs
are automated.

SCC-2 Upgrading of 407L. The TACC is split into 2 centers
with the appropriate intelligence personnel functions
incorporated. The FACP is automated.

SCC-3 All TACS centers are automated and equipped with a
family of standardized shelters for greater mobility.
The capability exists for digital passage of high resolu-
tion photography, video and graphic displays.

e e Rt A N e Y ot

SCC-4 The same as SCC-3 except the number of FACPs were
increased and the CRCs were deleted.
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Part 2 — Summary of Task I, Conceptual Design Analysis
3. FUNCTIONAL INFORMATION FLOW ANALYSIS

Data load and intracenter connectlvity anzalysis, whici: were highly interactive
with the SCC definition task, provided clear insight intc capacity and topology
requirements of the Flexible Interconnect.

Figure 2. 3-1 depicts the methodology used to derive the load at each TACS
center. Estimates of the FI load for each center, for each SCC were derived.
The data load for each category (shown in the box) was obtained and kept
separate for traceability and sensitivity analysis.

Personnel with extensive experience in tactical air operations reviewed
each center for all four SCCs and used judgements to obtain the data loads. The
TAFIIS Master Plan and other GFI documentation provided guidance as to data
originating centers, receiving centers, and data rates, particularly for high
resolution photography and video. The latest versions (available to Hughes Aircraft
Company) of the Tactical Air Control Manuals (TACM) were used to ruan the various
centers. A high intensive threat (over 2, 000 hostile and friendly aircraft) was used
to derive the digital track load.

The SCC-1, being mainly a manual system. derived the FI load at each center
for digital track data (TADIL B rates), teletype, facsimile, and digitized voice (16 Kb/s).
The total load was derived for traffic coming into eazh center and for traffic leaving
each center. Traffic consisted of inter-TACS traffic as well as traffic to other agencies
(USA, USN, AWACS, etc.). For example, at the TACC (operations) the total number
of track messages told from the CRCs was estimated, Other incoming and outgoing
voice messages were estimated by operator position. Additionally, the voice time on
the Intercommunications System circuit was estimated. When doubt occurred as to
whether an operator would be talking, it was assumed that he would be, therefore
insuring that the maximum instantaneous peak load would be obtained to determine the
FI capacity requirements.

The SCC-2 is almost the same as SCC-~1 except for the automated TACC
(Operations and Plans) and the FACPs. The data obtained for the other centers in
SCC-1 were used for the loading in SCC-2. Since the TACC and FACPs were auto-
mated, and manned differently, new loading sheets were derived, The digital traffic
between the TACC and the CRCs and between the FACPs and CRPs was taken into
censideration, which reduced the voice told track messages.

SCC-3 saw the introduction of digital transmission of high resolution photo-
graphy, video and graphic displays. As a result, new dati sheets had to be derived
for each center.

SCC-4 deleted the CRCs from TACS and reduced the number of shelters at the
TACC. This had little effect on the total traffic load. The number of FACPs were
increased but had no significant impact on the capacity of the FT
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Figure 2.3-1. Connectivity Analysis Diagram. The methodology used to determine the FI
loading for each of the four SCCs.
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Part 2 — Summary of Task I, Conceptual Design Analysis

3. FUNCTIONAL INFORMATION FLOW ANALYSIS (Continued)

Figure 2.3-2 shows ihe data loading on varfous segments of the FI in 2 repre-
seatative TACC (Operations) for SCC 3. This Center In the SCC-3 configuration is
the heaviest load situation of all TAC Centers in all SCCs, The configuration is based on
a shelter concept postulated by Hvghes, The shelters are Self Contained (SC), Data
Processing (DP), Display (DISP) and Communications (COMM). ‘

The greatest load is on the external FI (27,253 Kb/s) which connects all of the
shelters. The load within each shelter exceeds 15, 000 Kb/s except for the DP shelter.
The major contributor to the 15,000 Kb/s load is high resolution photography
(11,500 Kb/s). .
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Figure 2.3-2. The TACC (Operations) FI Loading for SCC-3. The results of the analysis are
shown for the TACC (Operations) SCC-3.
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Part 2 — Sunmary of Task I, Conceptual Design Analysis

4, CANDIDATE FLEXIBLE INTRACONNECT DESIGNS

A limited set of candidate FI design approaches were identified via a filtering
process based on load/connectivity analyses, technology reviews and govern-
ment guidance. These concepts were then iteratively refined as a prelude to
final concept selection. : .

As shown in Figure 2.4-1, ihe approach to developing Flexible Intraconnect
design concepts was to determine reguirements for the FI, review applicable
technologies for implementation options, develop FI design approaches, overlay
them on C3 centers, and refine the approaches to develop six FI design con-
cepts as candidates for evaluation and final selection. After the basic FI
requirements were developed, the initial survey of technologies completed, and
a few basic design approaches identified, the design team splintered into task
teams developing three basic design approaches into six FI design concepts.
The task teams operated in parallel, but continuously shared results, permit-
ting the FI design candidates to be developed consistent with a common set of
requirements and to benefit from a synergistic, competitive environment.

Load, connectivity and operational requirements for large and small
centers, operating today and in the future were derived from the system con-
figuy ation concept analyses, providing the range of requirements which dictated
capacity and connectivity flexibility in the design. The Statement of Work set
goals of modularity, flexibility, interoperability, connectivity and survivability,
and also identified techniques of data distribution and routing. Government
representatives contributed to the team effort by interpreting, modulating and
refining requirements at In-Progress Reviews (IPR), as the analyses and
designs progressed.

In order to develop viable approaches for the FI design concept it was
necess&:y to review existing and developing technologies which might apply.
This included data distribution system architectural components, as well as
devices which might be used in the design. Architectural components included
(1) topologies, such as star, bus, ring, and lattice networks, (2) protocols such
as TDMA, packet switch, polling, contention, and reservation (3) media such
as twisted pair, coaxial cable, fiber optic cable and microwave. Device tech~
nology developments investigated included microprocessors, surface acoustic
wave devices, and charge coupled device memorias. As FI design concepts
developed, needs for more technology data also developed, resulting in an
almost continuous technology investigation as an iterative part of the design
process.

Since the number of possible architectvral combinations of topology,
protocol, and media initially considered was an unmanageable number to for-
mally evaluate or develop, a preliminary filtering process was applied, elim-
inating impractical combinations and obvious mismatches for the c3 applica-
tion. Remaining approaches were analyzed in preliminary concept analyses
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ond compared with the center requirements. These were discarded, modified or
refined, in an iterative process, until three basic approaches were settled on for
further developmeni. The approaches are gcategorized as follows: (1) distributed bus
approaches including base-band and carrier operated buses, (2) concentrated bus
approaches including TDMA switch, and store-and-forward techniques, (3) advanced
technology approaches, characterized by very high data capacities. The candidate
designs, as they developed, took advantage of all of the design approach development
results, For example, some of the lessons learned in the advanced technology approach
were applied to candidates using the TDMA switch, and distributed bus approaches.
(In fact this may have been the major benefit of developing the advanced technology
approach,)

Six candidate design concepts resulted from this "iriendly' competition within
the project (see Figure 2.4-2). 7They were (1) the multiple star concept, utilizing a
TDMA microbus in each shelter and point-to-point connection between shelters; (2) A
star/bus concept which had a TDMA microbus in each shelter but using a distributed
Frequency Division Multiplexed (FDM) bus between shelters; (3) A star/bus concept
with a TDMA microbus in each shelter but using base-band TDMA for data on a dis-
tributed bus between shelters. (FDM channels were applied for other informational
uses.) (4) A bus/bus concept, utilizing a distributed data bus internal in each shelter
and a distributed data bus between shelters. Both buses are base-band TDMA for data
distribution and the external bus also uses FDM channels for other information. (5) A
bus/bus concept, with base-band implementation for data on the internal buses but FDM
carrier operation on the external bus, (6) The advinced technology FI concept, utiliz-
ing concentrators in each shelter and a distributed bus between shelters, operating at
a nominal 150 Mb/s base-band data rate.

The six candidates were then subjected to a formal evaluation in order to select
the most-cost-effective FI design concept. That evaluation process is described in the
next toplce.
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Figure 2.4-1. Fl Design Apporach. An iterative design process resulted
in the development of six candidate concepts.
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Figure 2.4-2. Candidate Flexible Intraconnect Architectures. Six candidates were developed

from three basic approaches.
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Part 2 — Summary of Task I, Conceptual Design Analysis

E 5. METHOD OF EVALUATION AND SELECTION

Selection of the most cost-effective FI concept was made via discipiined use of
the weighted rating evaluation technique combined with cost, consistenzy, and
sensitivity analyses.

Evaluation of Fls and selection of the most cost eifective FI was a com-
plex task. Six different FIs were evaluated with respect to a large number of
criteria, considerations, and factors. The weighted rating evaluation technique
was used to perform the evaluation of FlIs and select the most cost effective FI, .
The goals of the weighted rating trade-off approach were to 1) reach an objec-
tive decision in a logical manner and 2) to document and explair th=: evuluation
and selection rationale,

There are sevaral valid objections fo the weighteo rating apprnach. First, _ e ~- = =+
4 '._ without discipline it is easy to make the numbers show anything desired. tuits, ™
. if the selection is known before the evaluation, the weighied rating c ly docu~-
ments and explains the selection rationale or justification. Second, there is
considerable difference in the manner in which different people corveri subjec~
tive judgments into numbers, It is an imprecise process. However, it is no
worse than placing subjective judgements info categories such as excellent,
good, fair, and poor. Third, the method can invoive sophisticated manipulation
of fuzzy data, This includes making analyses of numerical data in which the
uncertaintics in the data exceed some of the differences in the precessed results,
The interpretation of the weighted rating evaluation results must be made with
these objections in mind, However, no better method is known for reaching an
objective decision and for documenting and explaining the selection rationale.

Figure 2, 5-1 illustrates the main steps in the evaluation and selection
approach, First the criteria and alternatives were defined. Then each criteria
was given a weight indicating its relative importance in defining an overall
figure of merit (FOM). Then each alternative was rated with respect ot its
performance against each criteria. This rating was entered in the columns
labeled R in the figure. Then the weight for each criterion was multiplied by
rating nf each a't*ernative with respect to that criteria to provide the weighted
rating (WR) points in the column labeled WR in the figure. These WR points
were then added for each alternative to provide a sum which represented :he
figure of merit or measure of effectiveness (MOE). The difference between-
the FOM and MOE is the inclusion of cost in the sum of WR points for MOE.

A refinement to the weighted rating approach was the consistency analy-
sis. This analysis examined the difference in WR points to determine whethe.
or no. they were consistent with the significance of the items. The differences
in WR points were determined and were compared with each other. When logical
inconsistencies existed, the weights or ratings (or both) were changed until the
differences in WR points were more consisteni with respect to each other,

s Wy
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The senslitivity analysis examined the extent to which ratings or weights has to
be changed in order to change the order of the results. When such changes were
reasonable, the conclusions were soft. When such changes were unreasonable, the
conclusions were firm,

After several iterations of this disciplined evaluation technique by design team
mcmbers, the Star/Bus FI concept was selected as the most cost-effective, It Is
described in the next toplc.

DEFINE WEIGHT RATE cosT
CRITER A CRITERIA ALTERNATIVES ANAL.YSIS
L
CRITERIA wr| R [wr] R JwR] R |WR] & |wr CONSISTENC
ANALYSIS
=
PERFORMANCE
FLEXIBILITY
MOE
MODULARITY (
INTEROPERABILITY Fom| 3
AVAILABILITY/SURV SENSITIVITY
SECURITY ANALYSIS
RISK
cosT —
FOM TOTAL ¥ ¥ h T
FOM
SELECT | o] COsT
BEST EFFECTIVENESS
ALTERNATIVE ; ANALYSIS

Figure 2.5-1. Evaluation and Selection Methodology. The weighted rating discipline was
used to reach decisions logically and to document a traceable selection rationale.
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Part 2 -- Summary of Task I, Conceptual Design Analysis

6. THE SELECTED STAR BUS CONCEPT

The selected FI concept is the Star/Bus Concept, a hierarchal approach which
best meets the divergent requirements internal to, and between, shelters,

The selected FI concept is based on a TDMA microbus in each shelter
which connects the equipments in the shelter with each other and with an FDM
bus which connects all shelters of a center. The concept also provides for
direct point-to-point connection between shelters where desired.

Although the quantity and types of equipments in C3 centers for today
and the future vary considerably, the topologies of all centers were found to
fit a common patterr.. Equipments within shelters or facilities tend to be
clustered in relatively close proximity to each other. Shelters and facilities,
however may be colocated, or dispersed miles apart. For these and other
reasons identified in the FI concept selection process a hierarchal Star/Bus
topology (Figure 2.6-1, View a) was selected as the best FIConcept. Within
shelters (facilities), a star topology permits few or many clustered devices to
be connected star fashion to a TDMA microbus (a concentrated data bus device
which evolved in Task II! to be called the Local Intraconnect). The penalty in
shelter weight is slight relative to a distributed bus, but the advantages in
efficiency, control and cost of the concentrated TDMA microbus are great,
Shelters or facilities with cluster of equipments are connected by an external
distributed bus which ties all the TDMA microbus together. The external bus
concept provides for coaxial cable implementation with the Time Division
Multiple Access data carried in Frequency Divided Channels on carriers. *Thc
External Bus concept lends itself to distributed control, high data capacity and
low risk development for the near term. A second type of connection which per-
mits direct point to point connection between shelters via coaxial or fiber optic
cable is provided. This type of shelter connection offers a convenient option
for intraconnecting centers consisting of a few shelters.

The TDMA microbus concept developed in Task [ (see view b, Fig-
ure 2-7) takes advantagc of the fact that all devices are connected to it in a
star fashion with Device Interface Units (DIU, later called Local Intraconnect
Units) buffering the data into a parallel time slot structured microbus. It was
envisioned that each shelter could be fabricated with cables routed from DIUs
to standard receptacles on the shelter walls, where devices with standard
interfaces could "plug in"'. Alternatively, equipment cables could be routed
directly to DIUs at the TDMA microbus. The microbus has the capability for
implementing a very high capacity with very low risk, This is possible pri-
marily because the bus occupies a very small volume. The parallel micro-
buses can be implemented on simple copper wire at a low cost, in terms of
circuits and weight, becausc the bus services DIUs located only inches apart.
90 Mb/s capacity is achieved with circuits operating at 5 Mb/s, by using an
eightecn-bit parallcl microbus, Positive flow control is achieved with common

*In Task HI, the fiber optic cable was adopted as the medium for t.e esternal bus.
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timing and control circuits serving all DIUs and the Bus Interface Unit, (later called the
External Intraconnect Unit). Propagation times for this bus implementation are
negligibly short, resulting in efficient utflization of the data capacity. The Bus Inter-
face Unit (BIU) provides the buffering and control interface between the TDMA microbus
and the External Bus (later called the External Intraconnect).

The External Bus, implemented with coaxial cable, utilizes Frequency Division
Multiplexing (FDM) to provide multiple carrier based channels, Some of these channels
are allocated to wide band digital data in a TDMA bus and some can be allocated to
other applications, such as radar data, conference video and high resolution imagery.
The TDMA data bus implementation in the external bus is carried on three channels,
each with a capacity of 20 Mb/s, resulting in a 60 Mb/s capacity external bus. The
TDMA daia bus buffered and controlled by BIUs completes the second hierarchal link,
providing total connectivity between device equipments in shelters and between
shelters.

Analog signals or other data handled in special extzrnal bus channels may
bypass the shelter microbus and be presented to user devices directly by special
device interface units.

TOPOLOGY: - INTERNAL STAR
D - EXTERNAL BUS AND
- EXTERNAL POINT-TO-POINT

H6-08L26
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Figure 2.6-1. Operation of a TDMA Microbus in a Star/Bus
Topology. A star topology is optimum for cluscered equipments
internal to cach shelter. High capacity in a low risk, compact,
economic unit characterizes the TDMA microbus.
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Part 3 -~ Summary of Task II, Interface Analysis

1. REQUIREMENTS FOR INTERFACE ANALYSIS

Critical Interfaces within the flexible intraconnect were identified and analyzed
in order to develop structures and protocol for positive flow control, high ca-
pacity and fast response. :

The flexible intraconnect concept developed in Task I defined the most
effective topology, protocol and media to achieve the Mod c3 goals of modularity,
connectivity, interoperability, flexibility and survivability. In Task II it was re~
quired to identify critical interfaces within that Fiexible Intraconnect concept and
analyze them to determine effective message structures, timing and protocol
for achieving digital data transfer characteristics developed in Task I and
further refined in Task II. Four critical interfaces were identified for analysis
(Table 3.1-1). Critical interfaces include the interfaces with devices at the
boundaries of the Flexible Intraconnect (Standard Interfaces and Accommodating
Interfaces), and also the interfaces at the boundaries of the Local (Bus Interface)
and External Intraconnects (Shelter Interface). In addition to the interface ana-
lysis, a Concept Verification Analysis was performed to verify that the FI
concept, as it evolved in Task II still meet the requirements of TACS C3 centers
consistent with the TAFIIS Master Plan,

In Task I, analyses of the Local Intraconnect Interface (LII) (referred
to as the Bus Interface in Government guidance) started with the basic structure
developed in Task I (Figure 3.1-1). That is, a 90 Mb/s capacity implemented
with 18 parallel 5 Mb/s Time Division Multiple Access buses, in a star con-

1 nection. The analysis which remained to be done in Task II involved the
development of a protocol and timing structure for the Local Intraconnect Inter-
face which would meet message transfer and positive flow control requirements.
In the analysis, message transfer requirements were further refined and
developed to include Discrete Addressed and Broadcast messzges and Virtual

# Bus channels, Messages could be as long as 1024 data words and there could

i be as mary as 63 Virtual Buses. Up to 20 Mb/s capacity was allocated to

. Virtual Buses. The anaiysis resulted in development of a timing structure

and a common control scheme, based on a reservation system of access to

the Local Intraconnect,

A major requirement of the Task Il Interface Analysis was to develop a
standard interface—a point at which modular devices could be connected to the
FI. The standard interface is one of ihe mos: critical features of the FI con~
cept. With it, shelters can be produced with standard interface receptacles on
the walls, such that modular devices with standard interfaces (computers,
telephones, displays, etc.) may be "plugged in",

s b
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’ ] TABLE 3.1-1, SUBTASKS
The Task II effort consisted of analyses of the
T critical FI interfaces and concept verification.
: g ¢ Bus (Local Intraconnect) Interface Analysis
3 e Standard (Preferred) Interface Analysis
: " @ Accommodating (Selected Adapter) Interface Analysis
3 o Shelter (External Intraconnect) Interface Analysis
E e Concept Verification
©
: PREFERRED 20 Mb/s e
; STANDARD t s
INTERFACE
, ( | , VAN
SELECTED] | STANDARD gugﬂgg
«—| ADAPTER INTERFACE - :
' EXTERNAL
] UNIT : UNIT UNIT et
: . (INTERFACE)
] | : 60 Mb/s
- | SiU EXTERNAL
1 | . INTRACON-
& | 2 NECT UNIT
w .
Q4 I Y
2 SAU } Siu
E |
¢ POSITIVE FLOW CONTROL 90 Mb/s LOCAL
o ADDRESSED AND BROADCAST INTRACONNEST
MESSAGES INTERFACE
* 64 VIRTUAL BUSSES {18 BITS AT 5 Mbys)
|
- t siu
4 ANALOG
INTERFACE
- UNIT
TO OTHER
SHELTERS

Figure 3.1-1. Elements of the Task 11 Flexible Intraconnect. In Task II, the structure,
protocols, message formats and element names evolved, but the basic concept remained the
same.
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The Task II analysis initiated with the identification, analysis and development
of the Preferred Standard Interface. With suggested examples of protocol, and desired
characteristics as guidelines, potential candidates for the standard interface were
developed and analyzed. The result of the analysis was a recommendation for a Prefer-
red Standard Interface for the Flexible Intraconnect, documented in a Proposed Pre-
liminary Military-STANDARD.

Although new C3 devices could be developed vith the Preferred Standapd Inter-
face, it was recognized thzat after the Flexible Intriconnect is introduced to C* centers
many existinz devices will not present standard interfaces. Also some new devices
probably would be built without standard interfaces,

For these reasons accommodating interfaces were analyz~d to determine the
requirements for Selected Adapter Units to translate non-standard interfaces to the
Preferred Standard Interface of the Flexible Intraconnect. A wide range of devices
were considered in the accommodating; interface analysis, resulting in a basic design
approach for a family of Selected Adap‘er Units (SAU). It was determined that SAUs
can be fairly simple microprocessor based devices, with plug-in modules to accom-
modate differences in non-standard interfaces. Also it was found that in many cases a
single SAU type can accommodate a whole family of devices with similar interfaces
(for example all devices with RS-232 interfaces). As a result of the analysis, top
level SAU designs for a wide variety of svggested devices were developed.

The External Intraconuect Interface (EII) siructure was developed in Task I
with a TDMA bus and other channels implemented on a multichannel Frequency Divi-
sion Multiplexed (FDM) coaxial cable. (Note: In Task III the EII evolved to a fiber
optic cable). In Task II the timing structure, protocol of access, and control mech-
anism for supporting Block Message and Virtual Bus transfers on the TDMA bus were
analyzed. FDM channelization options were also explored. The analysis resulted in
the development of a protocol cf access which is basically a reservation system, but
which uses some dedicated and fixed time slots for efficiency, fast response, and
distribution positive control, between shelters.

The Concept Verification Analysis utilized the techniques developed in Task I,
to verify the FI concept as it evolved in Task II.

NOTE: In Task Il the FI concept evolved to incorporate a Lazy Susan message
system in additiox to the Block message and Virtual Bus systems.
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Part 3 — Summary of Task II, Interface Analysis

2, ANALYTICAL RESULTS FOR LOCAL AND EXTERNAL INTRACONNECT
INTERFACES

A reservatior system for access to the Flexible Intraconnect by interface units
was found to be more flexible than assigned slot methods and less vulnerable than
contention methods. Combining some dedicated slots with the reservation system
enabled distributed control in the External Intraconnect.

Many techniques were evaluated for providing access to the FI. These were
narrowed down to four methods which were examined in detail, Table 3.2-1 summar-
izes the advantages and disadvantages of the final four candidate time slot accers
methods. The tradeoff is based on data capacity, delay time, flexibility of access to
time slots, operational dependability, hardware complexity and control requirements.
Due to the different characteristics of the local and external intraconnects, slot access
methods for these intraconnects were analyzed separately. The major differences for
consideration of the Local and External Intraconnects are: (1) the Local Intraconnect,
because of its physical and functional design can tolerate a central control approach;
the external intraconnect cannot, (2) propogation times are significant in the External
Intraconnect, not in the local. (3) External Intraconnects will usualiy have fewer
shelters than Local Intraconnects have terminals., Common considerations are:

(1) the need for operational stability @) Time Division Multiple Access (TDMA)
operation and (3) high throughput.

High Data rates (60-S0 Mb/s), flexible message size (300-20, 000 bits), short
duty cycle (apprcximately one millisecond) and transfer characteristics (such as uni-
form or burst type) are of particular importance in determining the best design. For a
network in which the subscribers transmit in a relatively uniform manner, the fixed
assigned TDMA system generally provides for simple and effective data transfer., If
the subscribers transmit at a low duty cycle in a burst mode, the contention scheme
may provide efficient use of the available bandwidth of the communication network,
However, contention schenies are generaliy limited to a maximum throughput which is
much lower than net capacity in order to prevent the system: from becoming unstable,
Far a felwork sllih 2 wide mongs of mogsage types 38 onnoandered 1o TALS cestars, 4
dynamic reservation system prcvides the most efficient use of time slots and presents
no system stability problem.

Consistent with the ahove considerations, pure reservation and reserva-
tion combined with some assigned time slots, proved to be the optimum protocols for
access to the local and External Intraconnects respectively. They apply to virtual bus,
short and block message transfers. On the local intraconnect, prior to each message
transfer, the desired number of Virtual Bus ov standard time slots must be reserved.
Reservations are made by reserving Virtual Bus slots during a flxed assigned slot
segment of each Virtual Bus cycie. During each Virtual Bus slots can be reserved,
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Short Block messages are transmitted on the external intraconnect using
assigned slot portions of each cycle. Reservations for long Block transfers are made
in fixed slots.

Characteristics of the local and external intraconnect interfaces, with the
selected access protocol, are illustrated in Table 3, 2-2, In this worst case example,
providing 64 Virtual Buses totalling 20 Mb/s as well as an extensive Block message
system, all operating with 8 shelters, the interface characteristics meet the FI de-

sign goals,
TABLE 3.2-1. TIME SLOT ACCESS METHOD TRADEOFF

Pure reservation and the combination of assigned slot and reservation access
approaches are optimum for local and external intraconnect designs respectively.

ME THOD ADVANTAGES DISADVANTAGES
Pure e Flexible for block transfers| e Complex Controls
Reservation | e Flexible for short message | e Inefficient for short messages
transfers in EI

® Requires Central Control

Assigned » Guaranteed Slots for each ® Must consider Propagation

and user Delay for Assigned Slots
Reservation | e Provides block transfer o Not as Flexible as Purs
flexibility Reservation

e Simple transfer setup
® No need of central control

Contention e Flexible ® Reduced capabllity due to collisions
e Short access time e Transfer rate must be limited to
e Simple control maintaic stability

e Overhead for acknowledgement
e KRisk of runaway

Fixed e Simple timing structure o Inflexible for block transfers
Assignment | e Simple control o Inefficient use of time slots
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TABLE 3.2-2. LOCAL AND EXTERNAL INTRACONNECT INTERFACE
CHARACTERISTICS, An example of how the access protocol and capacities are
allocated at the interfaces.

DIGITAL TIME SLOT ACCESS MAX ACCESS
CAPACITY STRUCTURES | METHOD TIME
Local Intraconnect 90 Mb/s -—- -— -—
Virtual Bus 20 Mb/s Assigned Slot | Reservation |250 Microsec at
10 Mb/s
Block Messages |70 Mb/s Fixed Slot Reservation |250 Microsec
External Intraconnect |60 Mb/s -—- --- ———
Virtual Bus 20 (16.6)* Mb/s| Assigned Slot | Reservation |12 Millisec
Slot
Short Block 10 (3.2)* Mb/s | Fixed Slot Assigned 750 Microsec
Message Slot
Block Message 30 (28.3)* Mb/s| Fixed Slot Reservation {750 Microsec
Slot

i

*The bit rates of 20, 10, 30 are nominal; the numbers within the parentheses indicate
the actual effective transfer rate.

Referring to Table 3.2-2, the terms "assigned' and "fixed" when used to
Identify slots are defined as follows:

e Assigned: For any given conilguration, "asslgned" slots are allocated to
specific users,
o Fixed: For any given configuratioi, these slots are fixed with respect to
the remainder of the timing structure but may be used by any device on a
"first come - first served' basis.
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Part 3 — Summary of the Task II, Interface Analysis
3. ANALYSIS OF A PREFERRED STANDARD INTERFACE

Of the candidates that meet the modular requirements for a DMA transfer
system, the 8080A protocol was selected as representing the lowest common
denominator for the Preferred Standard Interface. .

Preferred Standard Interface Candidates — Initial guidance in Task II
directed the contractor to develop a standard interface for the Flexible Intra-
connect and to prepare a preliminary Military Standard describing it. The
interface protocol was to include one or two, but not more than three options
selected from four suggested machine protocols. Of the four machine protocols
suggested for consideration, three were defined by the Government and one was
to be the contractor's choice. The government suggestions for protocol were
the IBM 360/370 protncol, the Digital Equipment Corporation (DEC) PDP-11
protocol, and the Intel 8080A protocol. Hughes considered several military
computers for its choice of candidates for the standard interface protocol but
settled on the AN/UYK~-40 mini-computer as the most competitive choice.
Additional guidance regarding the standard interface oriented the selection
towards a DM A block data transfer structure and protocol,

Selection of the Preferved Standard Interface — Of the candidate pro-
tocols considered, the DEC PDP-11 and Inte] 8080A offered DMA transfer
control protocol interface options that were most suitable for the FI standard
interface. However, there was not adequate justification to select two protocols
for the standard and therefore the simplest of tne two, the Intel 8080A DMA
transfer protocol was selecte 1 for the Preferred Standard Interiace. The
structure of the interface includes nine parallel (half word) data bits, trans-
ferred in a half duplex mode, controlled by four control lines ,see Figure 3. 3-1).
The interface involves asynchronous control and can accept 8 or 9 bit-wide data
structures. The half word (9-bit) structure is compatible with the 18-bit parallel
data structure of the Local Intraconnect and offers compatibility with a wide
range of peripheral and potential user devices, This preferred interface
structure is expectad to lead to the most cost effective mod c3 systems
because of its simple control protocol and half-word data structure. Future
Mod C3 devices can be readily built to present data in a preferred standard
interface with this simple protocol. Full wosd parallel devices nften have
half-word optional interfaces; relatively simple SAU's are required when they
do not, Serial data interfaces are also accommodated by relatively simple
SAU's as described in subsequent topics.

Preferred Standard Interface (PSI) Operation — The PSI contains four
asynchronous control lines: two for controlling data flow into the SIU and two
for controlling data flow from the £1U, There are niae (9) bi-directional data
lines to carry the data to and from the SiU.

3-8
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The data transferred via the PSI occurs under positive control of transfer, in
that a halfword is presented for transfer on the data lines when and only when the con-
trol signal from the recelving device indicates the input buffer of the receiver is not
busy, When transfer occurs the receiver acknowledges acceptance of the data and then,
and only then, is the data cleared from the sender's output buffer,

8
a
P SRR '°
—_— 2
:9 DATA
- - DEVICE (WITH
SRCC STANDARD STANDARD
LOCAL INTERFACE INTERFACE)
INTRACONNECT| UNIT (S1U) D AELECTED
:N;ERFACE :4 CONTROL UNIT (SAU)
| PROTOCOL :
80B0A
e AEL B e J
Figure 3.3-1, Preferred Standard Interface®. This interface is characterized by simple
asynchronous control of 9-bit data transfers.
#Note: The Flexible Intraconnect design concept as it developed in Task III, maintained

the four control line structure of the PSI, but expanded the data transfer to include full
word (18 bit) transfer as well as half-word transfer. The logic of the control lines was
further refined to include block as well as word transfer control.
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Part 3 — Summary of the Task II, Interface Analysis
4., PREFERRED STANDARD INTERFACE MESSAGE FORMATS

All messages include three basic sections, the header, the data, and the error
check, Message control information is in the header,

The structure of standard messages as they are processed within the SIU
is iliustrated in Figure 3,4-1. Eighteen bit words are processed in the SIU,
compatible with the structure of the Local Intraconnect Interface (LII). Data
flows across the standard interface in nine* bit half words, but is converied
to the eighteen bit word format in the SIU, * as illustrated in Figure 3-3.

' Each message is originally assembled by a device or its Selected Adapter

] Unit (SAU). This includes the required mode bits (virtu:l bus or block transfer),
1 destination (broadcast or discrete address), source code, message length,

3 data, end of message code, and error check word. This information is struc-
tured in the messages in the following ways.

Header Section — The header section contains bits to specify the mode,
the destination of the data, the source of the data and in the case of a variable
length block, the length of the data section in half words, The first word of the
header contains mode and flag bits as well as the destination specified.

Data Section — The data section contains the inforinatior to be trans-
ferred. In variable length message blocks the data section is always terminated
with an end-of-message (EOM) word that is cousidered to be part of the data
section, The word count as specified in the header sectirn and EOM code are
tested to determine true end of message.

Error Check Section ~ The te1minating word of each message block is
an error check word, Error tests may be made at critical transition levels of
the FI: Device (or SAU) to SIU, SIU to SIU via LI, SIU to EIU, EIU to EIU etc,
When errors are detected status bite are set and appropriate logic responses

a initiated within the FI.
Message — There are two basic message types recognized and
4 processed by the SIU: data messages and control/status messages. Data mes-

sages are variable in lergth, but control/status messages are fixed in length,
Data Messages — Three types of data messages cre used to distribute
data via the Flexible Intracoanect: discrete addressed data messages, broad-
cast data messages and virtual bus messages (Lazy Susan was added in
Task III), All three types of messages are irdicated in the header of the mee-
sage structure, Since data messages are variable in length, a message length
word is included to assist the SIU processing.
Control and Status Messages —~ Control and stetus messages are used

within the FI fcr initialization, configuration control, assignment of SIU/device
addresses, assignment of virtual busses, to test the FI, and to monitor
status,

3-10
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Data Flow Across the PSI — Message blocks are transferred in half-words
across the PSI; internal to the SIU they are processed in full words, This full word to
_: half-word conversion within the SIU is a simple but desirable transfer function which is
b ¢ expected to reduce the requirements for SAUs.

. : Figure 3.4-2 shows the movement of a data block from the LI, through the SIU
to the associated device or SAU. The SIU receives the message composed of 18-bit
words from the LIU under control of SIU selection gating. The message progresses
through the buffer storage to the output control at the PSI. Each word is separated
into half words and presented to the SIU output buffer,
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Figure 3.4-2. Data Flow — LII to SIU to Device. Byte oriented devices are
accommodated directly by half-word transfer.
Bl BIT 8
17 o 3
(-]
EADER | MODE [ FLAGS ] DESTINATION WORD e
' N
SECTION SOURCE WORD 8
WORD COUNT
|
DATA DATA
SECTION

£RROR CHECK |
SECTION END-OF-MESSAGE
ERROR CHECK

(9 81T) (9 BIT)
j#—— HI ORDER ———an}@—~— O ORDER -~——o
HALF WORD HALF WORD
(18 BIT)
FULL WORD

Figure 3.4-1. Structure of Message. A three-part message structure was
established in Task II.

*Note: The Flexible Intraconnect Design concept as it developed in Task III,

maintained the basic 3 part message structure developed in Task II, but expanded
i the Header to 16 words. The SIU became the LIU. Data ilow across the PSI can be either
9-bit or 18-bit words.
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Part 3 ~ Summary of the Task II, Interface Analysis

| 5. SELECTED ADAPTER UNITS FOR NON~-STANDARD INTERFACES

Microprocessor based Sclected Adapter Units (S8AU) accommodate a wide range
of devices to the Preferred Standard Interface and provide a potentlal for plug~
in convertability.

A preferred standard interface was developed such that future Mod C3
devices could be developed with this interface and connect directly to the Stan-
dard Interface Unit of a Local Intraconnect. For those devices, both present
and future, whose interface is different from the preferred standard, a Selected
Adapter Unit (SAU) can convert the non-standard interface to the preferred
standard,

A list of user devices and device categories (Table 3.5-1) were provided
as guidance to the contractor to enable him to select representative examples
for use in analyzing the requirements and design approaches of SAUs. One of
the early conclusions drawn in the user device interface analysis is that many
of the devices have common interfaces requiring common SAU designs. For
example, many devices have NTDS Fast interfaces, all of which can use the
same SAU designs. Similarly devices with RS-232 interfaces may use the same
design SAU.

The configuration of the functional block diagrams for all SAUs is
similar (Figure 3. 5-1), with some functions common to all SAUs and some
functions peculiar to each type of SAU. For example, the microprocessor
control for all SAUs may be identical but the software algorithm determinant will
vary between SAU types. Also the line driver/line receiver compliment on the
device side will vary between SAU types. They are the same for all SAUs on
the Preferred Standard Interface side. The conclusion from this analysis is that
SAUs will be microprocessor oriented, with common types for many devices,
and that SAU types may be convertable from one type to another via plug-in
modules.

TABLE 3.5-1. USER DEVICES

A representative list of user devices provided as guidance for
SAU analysis

350/370 COMPUTER AND PERTPHERALS
UYK-7

PDP-10

HAC LIQUID CRYSTAL DISPLAY

CCD MASS MEMORY

HP GRAPHIC PLOTTER

CRT TERMINAL

8080A PERIPHERALS

AND OTHERS
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? Figure 3.5-1. Device SAU Functions. The basic functional configuration of all SAU- is
¢ similar with some identical components and some device peculiar components.
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Part 3 — Summary of the Task Ii, Interface Analysis
6. CONCEPT VERIFICATION ANALYSIS

The Flexible Intraconnect design concept, as it evolved in Task II, meets the
flexibility requirements of the four System Configuration Concepts, derived
from the revised TAFIIS Master Plan.

Four System Configuraticn Concepts (SCCs) were defined from the
revised TAFIIS Master Plan in Task I to represent today's, tomorrow's, and
future C3 systems, The FI design concept developed in Task I was then verified
for its flexibility to meet the changing requirements of the TACS by testing it
against these 3CC's. Since the SCCs were developed from the TAFIIS
Master Plan they were again used as the test for flexibility of the FI concept as
it evolved in Task II. '

SCC-1 is essentially today's manual tactical air control system (TACS),
with the exception of the CRC, CRP and ASRT which are automated centers,
SCC-2 features an aautomated and upgraded TACS and SCC-3 integrates the
intelligence functions in various centers while providing increasad mobility,
SCC-4 distributes the functions of CRCs among other centers which have self-
propelled modules.

The initial approach in developing the SCCs was to define the present
TACS as SCC-1. Inorder to evolve to SCC-2, Hughes reviewed the main oper-
ational functions of the TACS relative to command and control along with the
present TACS organization, The near-term threat environment was also ana-
lyzed and a mission activity profile was selected based on data supplied by
ESD/TAC for the SEEK FLEX program, The activity profile data were
reviewed and augmented with estimates of hostile track data, The activity base
was then extended for use in all TACS operational centers or facilities for
SCC-2, Finally, major TACS development programs were reviewed to deter-
mine their impact on SCC-2, These near-term programs are detailed in
Volume VII of the TAFIIS Master Plan and consist of such efforts as 485 L
TACC automation, FACP automation, AWACS (E-3A), JTIDS and TRI-TAC,
Based on all of the foregoing considerations, SCC-2 evolved based on changes
to SCC-1, '

Evolution of SCC-3 and SCC-4 procecded essentially in the sume man-
ner, A set of guidelines was developed for synthesis of each SCC :zonfiguration
based on the TAFIIS Master Plan as well as conceptual changes to the TACS
and a revised top-level functional and information flow, For SSC-3 and 4, a
determination of new operations that each center would perform was made,
based on each respective center's operations as previously defined in SCCs 1
and 2,

Figure 3.6-1 illustrates the methodology uszd in both Tasks 1 and 2 for
concept verification analysis. The effort in Task 2 is part of an iterative
process which overlays the four SCCs on the design concept that has evolved
for the FI. In the Task 2 verification analyses, the maximum operational load-
ing for the busiest centers was reviewed for each SCC to determine if the FI
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could satisfactorily handle it. For SCC-1 and SCC-2, the CRC was selected and for
SCC-8 and SCC-4, the TACC (OPNS) presented the "worst-case' loading conditions.

The analysls verified that the evolved FI concept meets and indeed exceeds all
anticipated maximum loading conditlons.

o
N
~
TASK1 <= TASK2 &
scc-1 | 2
scc-2
scc-3 l
ScC-4
TAFIIS I
MASTER e
PLAN I
| F1 CONCEPT
INITIAL CONCEPT SUPPORTS
CONCEPT VERIFICATION ALL SCCS
VERIFICATION ANALYSIS UNDER MAX
OPERATIONAL
LOADING

”

-
CANDIDATE , EVOLVED
ARCHITECTURES FLEXIBLE FLEXIBLE

INTRACONNECT INTRACONNECT
I . CONCEPT CONCEPT

——— e comms s o—

Figure 3.6-1. Methodology for Concept Verification Analysis. Four SCCs bascd on the
revised TAFIIS master plai. were used t» verify the evolved FI concept.
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SECTION 3 — KEY ISSUES IN THE TASK III ANALYSIS
SECTION 4 — OPERATION OF THE LOCAL AND EXTERNAL INTRACONNECTS
SECTION 5 — DESCRIPTION OF THE PREFERRED STANDARD INTERFACE
SECTION 6 — LOCAL INTRACONNECT UNIT DESCRIPTION
SECTION 7 - EXTERNAL INTRACONNECT UNIT (EIU) DESCRIPTION
SECTION 8 — LOCAL INTRACONNECT CONTROL UNIT (LICU) DESCRIPTION
SECTION 9 — UNDETECTED ERROR RATE ANALYSIS
SECTION 1¢ - FI MANAGEMENT
SECTION 11 - RELIABILITY
SECTION 12 — FI CAPACITY AND RESPONSE TIME ANALYSIS




R T i .

Db

s

1.

b e T e
N - T e R P

Key Modular C3 FI Design Criteria. ... ....... e

e e Sl

SECTION 1
STATEMENT OF REQUIREMENTS

4,1-0

e e e St 18 Lt TR



Cliac gy XY

e g 4 e BRI P DR

e RMEERR e

I G e, i

Part 4 — Task III, Preliminary Design Analysis
Section 1 — Statement of Requirements

1. KEY MODULAR C° FI DESIGN CRITERIA

In addition to the Statement of Work, three basic design criteria were mutually
agreed upon by the Government and Hughes fur guiding the design of the Flexible
Intraconnect: (1) positive control, (2) technology exploitation, and (3) provisions
for capacity.

Early in the study the need became apparent for a set of design criteria,
which were consistent with, but went beyond the Statement of Work and the
TAFIIS Master Plan, Having identified a basic FI concept in Task I, and inter-
face definitions in Task II, it was necessary to refinc these concept and interface
definitions in Task III, and to develop preliminary functional and implementation
design data, There were many options of functional and implementation design
that would satisfy the basic Mod C3 requirements and would be consistent with
the selected FI concept. For example, some design options emphasized imple-
mentation efficiency, but at the cost of positive control. Some optimized the
design for near term implementation with less than optimum adapticu to future
developments. Other designs optimized the implementation with advanced and
developing technologies where they offered significant advantages, and thus
provided for alternate or interim implementations where technology advancement
was not as rapid as projected. Although the need for agreed upon design criteria
to resolve these issues came up in the Task II interface Analysis, it became
paramount in the Task III Preliminary Design Analysis. At the In-Progress-
Review IPR) working sessions, the Government identified three primary criteria
and their order of priority to be applied to the design of the FI. Definitions and
applications of the criteria were refined and mutually agreed upon by Hughes
aad the Government, The criteria were then iuplemented and embodied in the
preliminary design of the FI in Task IIl. The criteria are listed in order of
priority and with amplifying examples in Table 4, 1-1.

The first and most important criteria implemented in the design of the
FI, is to provide for "positive control' of system operations, This criteria im-
pacted the design in all aspects but primarily in the area of data transfer control.
The choice of reservation control for FI access, with some assigned slots in a
time slotted structure was directly influenced by this "positive control" criteria.
While its implementation efficiency was desired, the control discipline of the
reservation protocol won out over contention type protocols with their potential
to lockup or runaway under heavy load. Predictable operation, under all load
conditions, is critically important, In addition, "'positive control" criteria drove
the FI design to include front-end handshake as well as ACK/NACK control in
moving messages through the FI, preventing the system from loading up with
futile transmissions when a recelving node is "not ready". "'Positive Contrel" of
system operations also dictated that the FI design skould provide for simple
operator actions and operation. This was carried out in the FI design by provid-
Ing for an effective FI Management scheme that permits automatic start-up and
operation of the FI In a basic configuration with no operator Interaction. In addi-
tion, a provision is made In the FI Management scheme for monitoring and
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reconfiguring under software control, thus eliminating any need for sophisticated
operator interaction, and potentially resulting in simple operator control,

The second priority design oriteria is to "exploit the technology'. This
oriteria caused the FI design to maximize digital implementation, and the control
mechanisms to be designed to take advantage of microprocessor implementation.
In Task I the FI concept was envisioned to be implemented with coaxial cable in

‘the External Irtraconnect, with potential evolution to fiber-optic cables. In Task

III the design criteria to "exploit the technology' caused the design to reconsider,
and optimize for fiber optic cable implementation, recognizing that coaxial cable
could be implemented as an interim or fallback solution if necessary. Throughout
the study, technology development has been continuously surveyed to exploit
implementation in the FI where appropriate. Memory and surface acoustic wave
(SAW) devices have received special attention.

"Capacity" is the third of the three most important FI design criteria.
That is, the first two criteria are not to he sacrificed to achieve high capacity.
Inherently, capacity is coupled with data transfer efficiency because informa-
tion throughput is the ultimate measure of FI data capacity. The goal here

TABLE 4.1-1. FI DESICN CRITERIA

e POSITIVE CONTROL
HIGHLY DISCIPLINED
NO LOCKUP
NO RUNAWAY
MINIMIZE UNPREDICTABLENESS
SIMPLE OPERATOR ACTIONS
AUTOMATIC CONTROL
RECONFIGURATION AND MONITORING IN SOFTWARE

e EXPLOIT THE TECHNOLOGY
MAXIMIZE DIGITAL IMPLEMENTATION
MICROPROCESSOR IMPLEMENTATION
FIBER OPTICS
MEMORIES
SURFACE ACOUTIC WAVE DEVICES

e CAPACITY (BUS EFFICIENCY)
ADEQUATE (SURPLUS) CAPACITY
INCREMENTAL DEVELOPMENT
INCREMENTAL IMPLEMENTATION
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s to provide surplus capacity over what (s estimated to be required by C3 oenters
80 that the system will not overload and control can be simple. It i3 also the
goel, at this point, to desigr capacity Into the ooncept so that growth can be
accommodated incrementally, e.g., in the FI message structure data fields are
allocated to accommodate up to 63 shelters, even though much less than that

will be implemented initially., The full sheiter complement may never be ex-
ploited but FT growth will not be limited by the concept. Also, the preliminary
design developed in Task III is based on an implementation with 30 Mb/s in the
local intraconnects and 60 Mb/s in the external intracommect., These capacities
are considered more than adequate for any TACS C* center and are used because
they meet our capacity goals in an efficient, low-risk system. Inherent in the
concept, however, is the ability to increase or decrease those capacities incre-
mertally. For example, a system could be implemeated with only 20 Mb/s
capacity in the External Intraconnect, or it could be implemented with 100 Mb/s,
Only the number of fiber-optic channels driven in parallel would change.
Similarly the data capacity of the Local Intraconnects could be changed sirply by
changing the basic clock rate generated in the Local Intraconnect Cont rol Unit.
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Part 4 — Task I1I, Preliminary Design Analysis
Section 2 — FI Overview

1. FEATURES OF THE FI DESIGN

1 The Flexible Intraconnect design provides connectivity for modular elements of
; 3 facilities in a way that eahances the flexibility and interoperability of C3
centers and elements. This design has applications to current systems as well
as to systems that will be developed and operating in the 1990's.

Modularity and flexibility are important featur%s of the FI design, but
more important is the impact on Tactical Air Force C* Centers implemented
with the FI. Center modularity and flexibility that result from the use of the FI
enhances the operational capability and effectiveness of Tactical Air Control
Systems. The interoperab‘lity of centers, and their improved survivability,
| potentially resulting fro: FI implementation highlights the importance of the FI
3 features listed in Table 4.2,1-1,

: The FI is modular in the sense that is packaged modularly and it pre-

3 sents a standard interface to user devices, with device connectivity controlled
by FI software. This FI modularity provides for C3 center configuration flex-
ibility in field operations, for center build-up, scale-down, and role changing,
so necessary to support rolling force and leap-frogging tactics ir. future mobile
environments, The modular FI design with standard interfaces for devices also
supports incremental development f C° devices. For example, new C3 devices
can be developed with standard infertaces, and can be installed in centers with-
4 out incurring the cost of modifying the ~centers or developing new centers. In
addition, the FI packet or block message structure and the layered approach to
; interface protocols supports incremental development of C3 software. The
combination of incremental development and implementation of C3 hardware and
software capabilities provides for very economic upgrading of Tactical Air
Control System capabilities. The economics resultirg from reduced training,
maintenance and logistics can be even more significant,

The FI Star/Bus approach, implemented with fiber optic connections
between facilities or shelters provides for improved c3 center survivabifity
through wide geographical dispersement (up to 5 miles). of C3 functions. Sur-
vivability is also enhanced by the ability to reconfigure the FI (hence the sys-
tem), providing for continued, or degraded, operations in the face of c3 func-
tional losses. Functions, software modules, and data can be allocated to hackup
devices. Backup devices, and program modules can be brought on-line without
interrupting operations. Reconfiguration services of the FI can even restruc-
ture the connectivity of the center and provide for program and data transfer
pecessary for degraded operations or for performing new functional roles.

Enhanced interoperability of centers can be expected by implementation
of the FI. Standard intgrfaces and selected adapter unit: can accommodate all
expected varieties of C¥ center external interfaces. Also the data capacity and
layered protocol apnroach of FI data transfer systems can adapt to the wide
range of information formats and control protocols of C3 center external inter-
faces. Positive flow control in a highly disciplined, data moving FI protocol
prcvides for the high degree of data transfer reliability and accuracy necessary
for confidence in handling data from or to other centers.
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The Ligh capacity and data transfer modes designad into the g‘l not only
meet current requirements, but accomodate evolving concepts for C° centers
such as distributed processing, computer resource sharing, and distributed data
base management.

TABLE 4.2.1-1. FEATURES OF THE FLEXIBLE INTRACONNECT

Software control of the 03 center connectivity

Modular construction

FI supports C3 hardware and software modularity

FI enhances C3 center iateroperability

FI improves 3 center gurvivability

FI provides flexibility of C3 center configuration

FI accommodates distributed processing, data base and resource

sharing
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Part 4 — Task Il — Preliminary Design Analysis
Section 2 — FI Overview

2, CHARACTERISTICS OF THE FI

The FT electroanics, utilizing microprocessors for cortrol, provide high capac-
ity, connectivity, and versatility of arglication in 2 modular package occupyirg
less than one third of a standavd rack space in each shelter.

The Star/Bus heirarchal topology permits efficient implementation cf the
high capacity FI electronics in a small package. Typical shelter configurations,
each with up to 20 Data Terminal Equipments (DTE) conrecting to the Fi, need
only prcvide one-third of a standard 6 foot by 19 inch equipment rack in each
shelter to house the FI electronics. This estimate uses preliminary design
data based on implementation with circuits, modules, and cards from current
military systems. The FI electronics in this estimate include 20 LIUs, 1 LICU,
1 EIU and FI power supplies, for =ach shelter. Other FI characteristics are
listed in Table 4.2.2-1.

Whereas a typical ierge center would have no more than eight shelters
total, with less than twen'y devices per shelter, the FI contrnl mechanisms
and message structures are designed to accomodate up to 63 shelters and up to
63 devices per shelter, assuring adequate capacity for future growth or evolu-
tion, Operations analyses indicateg thet two niiles is the maximum probable
dispersion of shelters in a TACS C? center. However current fiber optic
technology deveiopments indicate that five miles is a reasonable performance
expectatior for field ceployahle fiber optic cables operated at 20 Mb/s per fiber.
With three fibers being driven on the external intraconnect cransmit bus and
three on the receive bus, 69 M./s ic achieved in the preliminary design, Iligher
capacities can be achieved by driving 1more fibers at that rate or by increasing
the bit rate per fiber., Fcr example a five fiber system would result: in 10> MB/S
in ‘he external intraconnect, A rate of 90 Mb/s is achieved in the preliminary
design of the local intraconnect wita low risk by operating 19 parallel synch-
ronoue busses at 5 Mb/s. Other capacities in the LI can be achieved by cliunging
tire clock rate (up to 180 Mb/s). Changing the number of parallel busses would
also alter the effective local intraconnect capacity but would have significant
impact on the logic of the interface units.

FI information transfer systems are based on packets or message blocks
with 16-word (18~bit) headers and variable data fields up to 1024 data words per
message. Data throughput is clearly a function of average messuge length,
since header length is fixed and data length is variable., However message/
capacity utilization is in excess of 90 percent for all configurations, with mes-
sage cycle times as short as one mi'lisecond. Probably the most important
characteristic of the FI, with respect to capacity, is its respcnse to peak max-
imum load and capacity saturation conditions. Recause of the nighly disciplired
reservation system of ¥I access, and positive control of information transter,
the FI will respond to saturation by operating al its maximum capacity. That
ig, it will be stable. It wiil rout "run-away' with futile transter attempts or
contro! mcssages, as is possible in cortention and non-handshuke systems.

The data transmission systems implemented in the FI {nclude 1) a Block
message transfer system which transfers messeges to discrete addresses or
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broadcasis masaages to all addresses on the FI, 2) a Virtual Bus transfer
system with a maximum of 63 channels, and 3) a Lazy Susan system with a
maximum of 63 simultancous virtual rings. All systems operate within the
Timo Division Multiple Access (TDMA) structure of the FI, and are described
in more detail :- subsequent topics.

The FI concept is compatible with data encryption techniques. Interfaces
for key-generation functions are identified in the preliminary design, Reliability
ostimates are based on preliminary design data and are discussed in more de-
tail in subsequent topics,

TABLE 1,2.2-1, FLEXIBLE INTERFACE CHARACTERISTICS

‘
BTN SR PN RS

o B

%
e
%

et b

CONNECTIVITY/CAPACITY
o Connectivity controlled by software
Up to 63 LIUs tor each local intraconnect (L)
Up to 63 LIs per Ei
D'TE connections via standard interface
Selected adapter units for non-standard interface devices
Up to § miles between shoeltera
Nominal bit rates: LIw= 90 Mb/s; Ei 6o Mb/s
Maximum data rate per user devico is 10M words/sec at 18 bits/
woad = 180 Mb/s
FT responso to capactiy saturation: stable operation at maximum
capacity
o Maximum measage/capacity utilization: 90+ percent,
DATA TRANSMISSION
o Block message transfor: up to 1024 x 18 hit data worda per mossage
- Discrete addressed
- Broadeast
Up to 63 Virtual Buses
Up to 63 Lazy Susan Networks
Time division multiple access (TDMA)
Access by reservation
Reception available to all authorized subscribers
Baseband modulation of digital data
Distributed control among shelters
Positive flow control via front=end handshake and ACK/NACK
ERROR RATES
o Less than one header error in 5,000 yoaf;
o Leas than ono undetected bit error in 10+ oits
RELIABILITY ESTIMATES (projected mid-1980's)
e LIUMTFB = 67,000 hours
e LICUMTRBF = 93,000 hours
e EIUMTBI 88,000 hours
PUYSICAL (ESTIMA'TED)
e Size for a typical shelter: 1/3 of a 19 inch by 6 foot rack
e Dowor consumption for a typioal shelter: losa than ono kilowatt,
nominal
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Part 4 — Tesk III, Preliminary Design Analysis
- Section 2 — FI Overview

3. MESSAGE TRANSFER SYSTEMS

All information transferred within the FI is transported as digital data in
message packets which are handled in three different ways within the FI, pro-
viding the flexibility to distribute information according to the needs of a wide
variety of users.

GRYTTRTIT

Message Transfer Requirements — User devices (DTEs) and information
systems in C3 centers have wide ranging needs in terms of bit rates, quantities,
and protocols of data transfer. Such needs will be even more pronounced in
future centers than it is today, not because the roles and functions of tactical

~trol are expected to change significantly, but because the systems performingu
v roles will be more automated, and more capable. They will be handling
more data and will be performing more functions., In addition, future centers will
implement distributed processing as well as data and computer resource sharing.
Centers will have to handie the transient bulk data transfers associated with
large data base and program module exchanges, as well as the steady informa-
tion flow associated with ''data base on ine bus'' operations. Low data rate users
such as voice telephone (digitized), automatic dat:. links, TTY and FAX will
still be significant in c3 operations. Also, there will be 2 need to handle short,
irregularly occurring control messages with fast response {im= requirements.
All these information exchange needs are served effectively and efficizatly by
the FI via its three message transfer systems: The Block message transfer
system, the Virtual Bus (VB) system, and the Lazy Susan (LS) system (see
Table 4,2,3-1).

Message Packets — The FI transfers all information (including Block
VB, and LS data) in message packets in order to have the flexibility to
simultaneously control a wide range of data quantity, rate, periodicity,
and protocol, Each mcssage is structured in a group of digital words,
including a fixed message header and variable data field. The header contains
information such as address and message type, needed to control the message
transfer and direct it to its intended recipients. Transferring all data is mes-
sage packets permits the FI to take advantage of high data capacity channels to
service many lower data rate users, in virtual simultaniety, and to control the
flow, rates, and access to the FI in a positive manner, The header content
also permits the FI control mechanism to control messages in categorical mes-
sage transfer protocols, such as the three message transfer systems listed in
the table.

Block Message Transfer System — The Block message transfer system
provides a contrcl mechanism for transferring block of data from source de-
vices to specific receiving devices via discretely addressed messages to all
devices on the FI via broadcast messages. Block messages may vary in length
from 32 up to 1040 eighteen bit words. Typical uses of the system include
large data transfers such as memosy dumps, program exchanges, total data
base transfers, direct memory access retrieval, page display, and peri-
pheral device data exchanges. Interactive messages such as command response
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and other control messages also are optimally serviced by the Block message
transfer system. Low data rate users such as digital voice traffic (16, 32, 64
Kb/s), digital data links (TADIL A, B, Link I, JTIDS), TTY, and facsimile are
potential users of the block message transfer system.

Virtual Bus Transfer System — Within the Flexible Intraconnect, a con-
trol mechanism for regulating the use of the FI and for controlling the transfer
of messages has incorporated which provides for reserving a portion of the FI
capacity for a designated family of users. One of these guaranteed capacity
information transfer systems within the FI is called a Virtual Bus (VB).

The total set of VBs (up to 63) operating within the FI is referred to as the

VB transfer system. A Sequence Number scheme for messages has been
included in each message header and implemented in the FI control func-

tions to provide for ordering user message transmissions within each of the
VBs, so that device transmissions can be regulated according to data rate
requirements of a family of user devices. As result, a family of user devices
can be designated by one user, each member with its time ordered sequence

and "metering rate" set up for its transmissions. The FI has the capability to
allocate and control VBs according to requested requirements and to control the
order of transmissions within each VB according to the Sequence Number assign-
ments of each user in the family. The FI uses its FI Management function,
Sequence Number, message type, authorization code and timing and control func-
tions to perform VB setup and control. Sequence Number assignments to VB
users may be performed by one of the users or by FI Management as a special
service (See FI Management, Part 4, Section 10).

TABLE 4.2.3-1. THREE MESSAGE TRANSFER SYSTEMS

BLOCK MESSAGE TRANSFER SYSTEM
e Variable length messages up to 18 kilobits
e Discrete addressed messages
e Broadcast messages

VIRTUAL BUS

Guaranteed/protected capacity within the FI
Limited _broadcast
Metering rate control

User managed

e 63 virtual buses, maximum

LAZY SUSAN

e "Virtual Ring"
¢ Time ordered sequential distributed processing
e User managed

e 63 Lary Susan netc, maximum
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Part 4 — Task III, Preliminary Design Analysis
Section 2 — FI Overview

3. MESSAGE TRANSFER SYSTEMS (Continued)

Although message transmissions are strictly controlled within each VB all user
devices within a VB family will receive transmissions on that VB, The VB
supports distributed processing, permitting implementation of the ''data base
on the bus" concept and computer resource sharing, Examples of C° functions
for which the VB system is ideal are track data processing and distribution and
display data distribution. Some voice and data nets will benefit from the
guaranteed capacity and broadcast features of VBs,

Lazy Susan Transfer System — The LS system is operated within the FI
TDMA network in manner very similar to the VB system, but to each user on a
LS net it appears as though it is operating on a ring network. Thus, each LS
is a "virtual" ring. It is a controlled access network, but its sequence number
scheme is used to circulate messages around a ring of users in a time ordered
manner. Each user in a ring listens only to messages transmitted by one other
user-in the ring. The user may or may not modify each message it receives
before it passes it on. The virtual ring is organized so that messages circulate
to all members, like plates on a 'lazy susan'. The originator of each message
has the responsibility to remove its message from the LS ring after one com-
plete cycle. Like the VB, each LS net may be managed by one of its users or
by the FI Management function as a special service. There may be up to €3 LS
nets designated and controlled within the FI at any one time. The LS nets will
be used where sequential time ordered distributed processing is important, and
where processes rather than addresses are critical. Suggested applications
include track message updating, intelligence data processing and sharing, and
Frag Order processing the LS have been considered for distributed processing
and for distributed data bases.

4,2-8
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Part 4 — Task III — Preliminary Design Analysis
Section 3 ~ Key Issues in the Task IIl Analysis

1. IDENTIFICATION OF ISSUES

As a result of technology developments and factors encountered in preliminary
design tasks, nine issues emerged as dominant considerations for Task III
analyses. '

Preliminary design issues in Task IIT caused the analysis to focus on
FI implementation considerations with emphasis on FI capacities, control
mechanisms, message structures, and transfer media. In addition, interfaces
analyzed in Task II were further refined in Task III. New issues, addressed in
detail, included specific implementation for positive flow control, development
of an FI Management schen:e, top level functional design of FI units, an error
analysis, and a reliability analysis. Nine issues which received major atten-
tion in Task III are listed in Table 4.3.1-1.

Since the conceptual design studies in Task I were completed, fiber
optics, microprocessor, and memory technology developments have advanced
at unprecedented rates. Microprocessor and memory developments continue
to support the FI design concept developed in Task I. Fiber optics technology
developments, on the other hand, have advanced to the point where, in Task III,
it was declded o reconsider the media issue in the External Intraconnect. The
Task I conclusion was that the preferred approach for the External Iniraconnect
was to optimize the design for coax cable implementation, with the opportunity
to convert to fiber optic cable implementation when technology developments
supported it,

In Task III it was concluded that the External Intraconnect design
should be optimized for fiber optics with provisions to fall back on a coax cable
implementation if necessary in the future. Because of the differences in char-
acteristics of fiber optic cables as compared to coax, External Intraconnect
topology and protocol issues had to be re-analyzed. The considerations that
led to selecting a transmit bus/receive bus topology with reservation access
protocol are discussed in the next topic,

Refinement of the Preferred Standard Interface continued to be a major
issue in Task III, involving increasing the PSI data transfer format from nine
bit parallel to eighteen bit parallel (with a 9-bit operational option), 1efining the
control line protocol, and expanding the definition of message structure content.

Layered protocol approaches being implementzad in other national and
international data transfer standard developments were analyzed; this resulted
in an impact on the Preferred Standard Interface definition. For example, the
block message structure and header content were designed to permit Device
Terminal Equipments to use the FI as a data transfer medium but to operate with
their own higher level protocol requirements. In addition Virtual Bus and Lazy
Susan control mechanisms were desigred to allow use rs to set up their own
Virtual Bus or Lazy Suscn networks and to manage them according to their own
needs with higher level protocols.

4.3-0
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TABLE 4.3.1-1., KEY ISSUES IN TASK Il

External intraconnect Redesign
Media, Protocol and Topology

System Capacities/Capabilities
Conceptual vs Implementation

Preferred Standard Interface
Design, Definitions and MIL-STD-XXXX

External Interfaces _
Selected Adapter Units and Higher Level Protocols

Positive Flow Control
Bottlenecks & Saturation Prevention

FI Management
Management Service vs Critical Control

Implementation
Central vs Distributed Processor vs Special Purpose Logic

Error Analysis
Reliability Analysis
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Part 4 — Task III — Preliminary Design Analysis
Section 3 — Key Issues in the Task Il Analysis

1. IDENTIFICATION OF ISSUES (Continued)

Table 4.3.1-2 illustrates an interpretation of a seven layer protocol definition
as it applies to the Flexible Intraconnect and the Preferred Standard Interface.

Preliminary design of the FI involved analysing the distribution of func-
tions in the FI and settling on implementations that exploited the technology
without incurring inordinate development and operational risks. Although the
same issues of distributed and central control had been settled in Task I, it
remained in Task III to determine the manner of implementing those control
functions. An external intraconnect design that efficiently incorporates dis-
tributed reservation control and positive flow control into the timing structure
results from these analyses and is described in the Timing Structure section of
this report. The balance between distributed and central local intraconnect
control functions also resultcd from these analysis. For example Local Intra-
connect reservation control is implemented in each shelter by the Local Intra-
connect Control Unit, a much more economic approach than distributing redun-
dant control functions to all LIUs. Most of the control functions in the FI units
may be performed by microprocessors but program step and timing analysis
made it clear that input/output gating on the Local Intraconnect, External Intra-
connect, and Preferred Standard Interface should be performed by special pur-
pose logic because of the speed requirements. Decreasing memory costs and
increasing memory sizes, available on chips, encouraged larger buffers and
increased memory utilization; but the increased use was constrained by relia-
bility and error rate considerations.

Task I analyses developed minimum FI data rate and connectivity capa-
city requirements; Task III analyses determined that increased capacities
should be designed into the FI where the technological considerations supported
it in order to provide for future growth and expansion of the concept. For
example, the capability for 63 shelters and 63 devices is designed into the mes-
sage structures and control mechanisms of the FI even though lower numbers
were required by Task I operations analyses, Fiber optic implementation of the
External Intraconnect will permit displacements of as much as 5 miles between
each shelter even though 2 miles maximum dispersion of shelters was indicated
by Task I deployment studies, Low risk technology permits 60 and 90 Mb/s
implementation in the FI even though 27 Mb/s was the maximum load
analyzed in Task I,

External C3 center interfaces were examined again in Task III to deter-
mine the requirements on FI preliminary design and the resulting effects on
center interoperability, The conclusions were that the FI supports and enhances
the interoperability of centers via their standard interfaces, sclected adapter
units, high capacity, and flexible layered protocol approach.

FI Management requirements and design approaches were analyzed in
Task III; this resulted in an approa.h which is based on automatic control
implemented as an on-line FI function, with management services (such 2s
reconfiguration and monitoring), implemented off-line as a service function.
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Error analyses performed in Task III determined (and verified) adequate
header and data error processing mechanisms, and identified critical error
contributors in the FI. A major impact of the error analysis was on the total
flow control processing method. Total ACK/NACK control was implemented
throughout the FI, from LIU to LIU, to negate the potential introduction of
errors by buffer memories, as well as long cable runs.

Reliability analyses were performed, based on preliminary design of
FI units. The predicted reliability for FI units and typical FI configuration is
very encouraging. However the sensitivity of failure rates to memory content
encouraged constraint in the tendency to increase control buffer sizes. Relia-
bility analyses are reported in detail in section 4.11 of this report.

TABLE 4.3.1-2., LAYERED PROTOCOL APPROACH

RESPONSIBLE [LEVEL NAME EXAMPLES
FLEXIBLE 1 Physical Layer PSI Physical Séructure, Block &
INTRA CON- Word Transfer Control
NECT (FT)

2 Link Layer Block & Header Protocol, Error

Codes and Control

3 Network Layer Virtual/Real Address, Hand-

shake
DATA 4 Transport Layer VB and LS Operation, Data Nets,
TERMINAL Console Nets
EQUIP (DTE)
USER 5 Session Layer Computer-Console, Phone

Hookup, Directed Data Stream
6 Presentation Layer |Data Strip, Format & Decode

7 Application Level |Higher Level Language-Fortran,
Algol, Display
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Part 4 — Task IIl, Preliminary Design Analysis
Section 3 — Key issues in the Task III Analysis

2. EXTERNAL INTRACONNECT REDESIGN

Fiber optic cable and supporting component technology has developed at such an
accelerated rate since Task I that it was decided to redesign the External Intra-
connect with optical fibers as the primary transmission media.

In the Task I conceptual design analysis, the selccted FI concept was
based on a coaxial cable implementation of the External Intraconnect. At the
time, fiber optic cable was not selected as the primary media in the baseline
design because it was judged to be too risky for 1979 implementation.

Since that time fiber optic technology has progressed more rapidly
than expected and fiber optic links capable of operating at 20 Mb/s over 8 kilo-
meters have been delivered to the US Army for field deployment testing. The
MITRE Corporation has successfully demonstrated the use of fiber optic links
for multiplexed phone and data applications in operating U.S. A. F. C" centers.
The ITT Corporation and others have developed single fiber optical waveguides
that exceed Mod C* requirements at projected reasonable costs. Adequate
optical transmitters and receivers are currently available, The Hughes Air-
craft Company is developing optical couplers, splitters, and fiber optic cable
connectors that reduce the cost and development risks associated with field
deployment of fiber optic cable data busses. All the 3problems associated with
fiber optics application to field deployable tactical C° systems have not yet been
solved; but fiber optic technology progress has accelerated to the point where,
in Task III, implementation of the External Intraconnect with fiber optic cable
was reconsidered (see Table 4.3.2-1).

Reconsideration and preliminary design analyses led to the conclusion
that the External Intraconnect will be implemented with point-to-point fiber
optic links between the shelters, with electro-optical regeneration (repeat ing)
at each shelter (in the EIU), A low-risk design approach utilizes 20 Mb/s on
each optical fiber, requiring three fibers for 60 Mb/s capacity, but accommo-
dating up to 5 miles cable run between shelters. As shown in Figure 4.3. 2-1,
provision is made in the design to implement a passive bypass around each
shelter which permits continued, uninterrupted operation of the Flexible Intra-
connect in the event of a shelter loss. The EI operates with a transmit bus and
a receive bus topology, permitting propagation time compensation by the
harmonization of transmission times at each shelter. (A desirable benefit of
the selected EJ implementation is that it has the flexibility to be configured in
a star topology as well as a bus topology.) The protocol of operation selected
for the EI is a time slot structured (time division multiple access (TDMA) net-
work) with some slots accessed by reservation and some slots assigned. As
analyzed in Task I, this combination bus access protocol provides a maximum
of flexibility with highly disciplined stable control.

Power budget analyses indicated that all-passive coupling of the fiber
optic EI would be too limiting in terms of maximum quantity of shelters, and
their maximum dispersement. Passive fiber optic coupling also limits con-
figuration flexibility, However, point-to-point links with active regeneration
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; TABLE 4.3.2.-1, CHAKACTERISTICS OF A FIBER
: OPTIC CABLE EXTERNAL INTRACONNECT

MEDIA:
e Fiber Optic Cable: 3 fibers at 20 Mb/s each
e Electro-Optical Regeneration at Each Shelter
e Passive Bypass at Each Shelter
PRGTOCOL:
e Slotlted TDMA Structure
e Reservation and Assigned Slot Control
TOPOLOGY:

e Transmit Bus/Receive Bus with Propogation Time Compensation
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NO. 1
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. e N\ REGENERATION AT
( (1] EACH SHELTER
0\ 2 Q
™ TX ™
I . M 4
SHELTER SHELTER SHELTER |q ¢ ¢ SHELTER
NO. 2 NO. 3 NO. 4 NO. N
1 1 '
RXM ex DI | RX D
7
2\ . N_. /
) 0 U

Figrre 4.3.2-1. TX/RX Bus Topology on Fiber Optic Cables. It provides propogation time
compensation without wasteful guard times and permits reconfig uration to a star topology
when desired.
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Part 4 — Task lII, Preliminary Design Analysis
Section 3 — Key Issues in the Task III Analysis

2, EXTERNAL INTRACONNECT REDESIGN (Continued)

at each shelter, overcome all of those limitations and in addition perm: .s
operation of an almost unlimited number of shelters, with up to 5 miles "cween
shelters. (The Task I coax concept was limited to less than 8 shelters with a
total dispersion of 2 miles.) Because fiber optic waveguides are practically
limited to unidirectional operation, no additional cabling is required for operat-
ing a transmit bus and a receive bus than for a bi-directional bus, Message
transfer efficiency analyses showed that the fiber optic transmit/receive bus is
90% efficient for all combinations up to 63 shelters. (The Task I bi-directional
coax implementation message transfer efficiency was acceptable only up to

8 shelters.) Preliminary design analyses showed that it is possible to operate
a fiber optic link with frequency division multiplexing {¥DM); however tech-
nology has not advanced far enough to support FDM operation on fiber-optic
cable as a low risk field deployment approach. Therefore space division multi-
plexing, channelizing by individual fibers, was selected for the El; 60 Mb/s
canacity is achieved by three fibers operating at 20 Mb/s on each bus (20 Mb/s
represents a low-risk approach for the associated electronics). Additional
channels can be provided by adding additional fibers and associated electronics.

In addition to the characteristics discussed previously, the decision to
design the External Intraconnect with fiber optics was influenced by the poten-
tial for growth and additional capability offered by this rapidly developing
tachnology. Because of the low weight of optical fibers, faster and easier de
deployment of C3 centers can result. (Hughes is currently developing rapid
payout fiber optic systems that may have potential for C3 center deployment
applications.) Fiber optic waveguides offer bandwidth potential which far
exceeds that being implemented in the current design. Longer ranges, hence
more flexible configuration applications, are likely to result from fiber optic
developments. In addition, fiber optic cables offer more security than electro-
magnetic media.

It is recognized that fiber optics still offers some developmental risks
for application in field deployable military systems. Environmental consider-
ations, such as dirt, temperature, moisture, and rough handling have not yet
been totally accounted for in fiber optic component developments (although
current projections are encouraging). In the event that these developments do
not progress at the required rate, the External Intraconnect can be implemerted
with coax cable. This 'fallback' design approach requires modifying only the
transmitter and receiver functions cf the EiU.
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Part 4 — Task IlI, Preliminary Design Analysis
Section 4 — Operation of the [ocal and External Intraconnects

1. FI TIMING STRUCTURE CONSIDERATIONS

A time slotted structure, with somo slots available by reservation, and some
{ixad-assigned, provide highly efficient and stable THMA busses in both the local
and External intraconnects.

—— e b NiAOR e . LR SuRDIA RIS A Wb h e SRR (RS RANS el A A W v

Timing structure, access methods, message transfer protocol communi-
cation ranges, and vulnerability to failure were major concorns in the dosign of
the ¥I. The technigues used had to be captible of handling the required data rate
effictiently, to offar simple control protocal providing rapid accoss and allow the
uge of available hardware. During the Fi design, many techniques were evain-
ated against the specifie requirements fmposed by FU operation: the trado-offs
wore basoed on positive cantral, data capacity, notwork officiency, propagation
dolay onstderativns, Tleaibitily of wocedstog nelwork thindng, and operational
simplicity, and bavdwaie complexity, Since the Fi is constructed with Local and
Prwrau] Tutacondecis, eqeh sdfib e cent ehavaeieslulon  the teolulqaes
solected had to provide satisfactory solutions to the common and unique proh-
lems of hoth Intraconnects,

A CTDMA systom was dovised g the basie VU thming strneture. The
accuss methods aiad the message Lransier control prowocol were developed and
tatlored to the regquirements and characteristies of each intraconneet,  The pur.
pose of the design yas to offor the high officiency, simple operation and imple-
mentations whick wre generaily imboedded in the TDMA systom, For a network
in which the subseribers transmit in a relatively uniform manner, the fixed
assignod TDMA slots generally provide simple and effective data transfers,  For
low duty eyelo, burst type transmissions, a contention seheme provides eofficiont
low coxt uso of the available bandwidth, howover, at the visk of bocoming un-
stable,  To provide for uniform transmission neods and control funetions as woll
as burst trangmissions bath, assigued slot and voservation schomes wore so-
lected for FILtime slot aceoss,

The FUdesign accommaodates Virtwal Bus (B, Lazy Susan (LS, and
Block message transfers, as depieted in the figure, e Local Intraconnect
servlees the boeat tteacommree! Unlts (110, Laeal sty aeommeet Contred tadt
(LICH) and the Extornal Inhmeonnect Unit (K1Y, The external intraconnect
sorvicos the F1Us in ench shelter, Mossages can be bamsferved loeally via the
1.1 between LUS in the same shellor or externally via the L and the Kl to Litls
in othor shelters,

et

R T T ]




During local transmission, assigned slots are provided for VB or LS
messages. VB or LS message transfers take place when the appropriate VB or
LS time occurs since the participants of a VB or LS transmit in accordance with
preassigned sequence numbers. The VB message is broadcast to all users in
the FI but LS messages are received in a sequential order according to the sequence
numbers. VB or LS messages generated by an LIU are transmitted locally as
well as externally via the EIU and EI to the LIU's of other shelters.

Prior to each Block message transfer, the LIU must make reservations
with the LICU indicating destination address and message length. The LICU
controls transmission via a transfer enable linc and the data bus. Transmission
handshakes are accomplished via (1) memory status messages which each LIU
periodically reports to the LICU, and (2) ACK/NACK replies at the end of each
message transfer.

The External Intraconnect interface consists of a transmit bus and a
reeclve bue, each with three parallel fiber optie links transferring data at a
rate of 20 Mb/3. A cycle is defined for the external timing structure (each
cycle lasts for 1250 time units TU)). In each cycle, assigned slots are pro-
vided for VB or LS message transfers and a slot is also assigned to each EIU
for short Block message transfers. For each Block message transfer, a front-
end handshake and an ACK/NACK of message transfer status occurs. This
handshalie prozedure is accomylished via assigned handshake slots.

o
N
»
100 TU 200 TU* S
LOCAL L VBAND LS | BLOCK { vBLS BLOCK | X
TIMING °F ;
............. = oo > o o
r SILTER NG 1 1 '_SHHHRNO.:‘ rsnunn NO N-‘
\ | | 1 | I
1
I pli Jess] DI 0 1 i i i
| | { 1 {
| l LIy ]ooor Liy I 1 { | | |
l { i {ooel 1
I DATA BUS i | | | [
(18 EITS) |
| CONTROL BUS | ! | !
0 (5 & 78ITS) | i | | i
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| ISR TS I N S, o SR | | R |
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TRANSMIT
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X TU-TIME UNITS

Figure 4.4.1-1. Overall FI Structure. Separate timing structures for the Local and External
Intraconnects optimizes the use of reservation and assigned slots.
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Part 4 — Task I, Preliminary Design Analysis
Section 4 — Operation of the Local and External Intraconnects

2. LOCAL TIMING STRUCTURE

Efficient message transfer on the Local Intraconnect with positive flow control is
achieved via complementary data and control bus timing structures,

Various tgpes of Data Terminal Equipments (DTE) are installed in a shel~
ter to perform Co functions, Transfer timing, message routing, data capacity,
and traffic handling are important factors to be considered in developing an effi-
cient, flexible, and positively controlled Local Intraconnect. A network with
short transfer delay is required and bottleneck and network staturation problems
must be prevented. The timing structure must fit various message characteris-
tics and minimize redundant retransmissions,

The short distances (inches) between the LIUs, LICU and EIU on the Local
Intraconnect, together with efficient flow control make possible the use of a mod-
erate speed data bus and separate control busses. The LIUs and the EIU frans-
fer messages on the Local Intraconnect data bus in accordance with timing and
control signals transmitted via a control bus and the data bus. The data bus is a
uniformly time slotted 18-bit parallel network with time slots apportioned to
block message, Virtual Bus and Lazy Susan transfers. The control bus provides
reservatioun and transmission control for Block message transmissions, LIU
status reporting, and VB/LS timing., (See Topic 4.6.A.3 for a description of the
control bus interface.)

The ove rall timing structure is shown in Figure 4.4.2-1, The use of a
programmable time unit instead of absolute time allows design flexibility for dif-
ferent operational needs. (A typical Time Unit (TU) can be one microsecond.) The
selection of the same value of time unit for all shelters simplifies timing design
and FI Manager timing configurations. In an operational environment where high
bus capacity with short message lengths is required, a short cycle time is desir-
able. For low bus capacity and lorg message lengths, a long cycle time can
be used. In either case, the cycle time length is programmable and is configur-
able by the FI Manager.

The Block (B) transfer time is shared by all the LIUs, the LICU and the
EIU in any one shelter, Reservations are made prior to each Block message trans-
fer by the use of a reservation request containing the destination address and the
message length, Since the VB, LS and Block transfers use the same 18-bit data
interface, possible transfer conflict is avoided by temporarily interrupting Block
transfers during the VB or LS time slots. The reservation control provides each
LIU a time for Block transfer reservations. The reservation consists of a2 3 word
interchange between the LICU and each LIU, The first word is placed on the bus
by the LICU. It contains the address of the LIU that is being polled for reserva-
tion requests, LIUs are notified of the polling action by activation of the "reser-
vation enable' line. The second and the third words, indicating destination add-
address and message length, are transmitted from the LIU to the LICU.

When enabling a Block message transfer, the transmission enable line is
activated and the first word is transmitted from the LICU to poll the transmitting
LIU. At the end of each message transfer, time slots are provided for
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: ACK/NACK transmitted by the receiving LIU, The ACK/NACK is transmitted in
1 the last word of each transmission enable period.

The Local Intraconnect timing design provides a greater than 90% message
transfer efficiency.

(-4
OVERALL 100 TU 200 TU 2
LOCAL ! VB/1 PRI 3
TIMING VB/LS | BLOCK LS | BLOCK ! BLOCK =
STRUCTUR ! T 3
erone : : e 11 Vel
T | LS RESER-
: T £ VATION Ve | VATION
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Figure 4.4.2-1. Timing of Local Data Bus and Transfer Control Bus. Using the data bus
: for message and reservation transfers, and a separate bus for control provides efficient data
transfers as well as positive and flexible control of data flow.
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Part 4 — Task ITI, Preliminary Design Analysis
Section 4 — Operation of the Local and External Intraconnects

3. CONTROL OF MESSAGES TRANSFERS ON THE LI

The local timing structure provides both control and data time slots, permitting
reservations, handshake and data transmissions to be accomplished efficiently.

Local timing information is generated in the Local Intraconnect Control
Unit (LICU). Each LIU and the EIU receives timing and control information and
performs the processing necessary to participate in all local message transfer
operations, The 18-bit data busses are bi-directional for transmission and re-
ception in half duplex fashion, The control busses are uni-directional and most
signals are generated in the LICU., Figure 4, 4. 3-1 identifies the data/eontrol flow
sequence,

The LIUs and the EIU continuously monitor the VB and LS slots using the
number indicated by the control bus to determine the VB or LS bus number,
Transmissions occur when the bus numbers and sequence numbers, preassigned
to each LIU, appear on the control bus.

Time slots other than VB and LS slots are used for block message reser-
vation or block message transfer according to eontrol signals received from the
LICU, When the reservation control is aetivated by the LiCU, each LIU senses
the reservation line and detects the word on the data lines for address matching,
The polling address requires 6-bits; the remaining bits are used for indicating
"this is the address polling word", If the address is matched, the LIU transmits
the destination address and the message length using seeond and third word,
respectively., (If no message is to be transmitted, it is so indieated in the second
word,) The LICU may receive one or more reservations during each reservation
period. Each reservation for point-to-point message transfer is examined against
the destination memory status (stored in the LICU) for transmission front-end
handshake. Memory status information is transmitted from each LIU and EIU
periodically via mcmory status report lines in the eontrol bus to the LICU,
Message transfer is enablcd only when the destination memory is available,

(For broadcast mcssages, no front-end handshake is used. )

The combination of a deactivated reservation line and an activated trans-
mission enable line indicates a Block message transfer period. Each L1U or
EIU detects the transition of the transmission enable line from idle to active state
and examines the data bus. Thc unit whose address matehes the address on the
data bus then transmits a Block message. The transmission enablc line remains
activated for a preset duration after the end of message to allow time for error
checking by the reeciving LIU. The last word of each transmission enable period
is reserved for the ACK/NACK from thc destination LIU. The source LIU re-
ccives the ACK/NACK and can detcrmine if any further action is required,

In order to prevent bottlenccks at the EIU, the highest LI reservation
priority is assigned to the EIU, This is achieved by using a dedicated reservation
request line from the EIU to the LICU,
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Figure 4.4.3-1. Message Flow on LI. Message transmissions via the Local Intraconnect
result from the interaction of control signals transferred between the EIU, LIUs and
the LICU over the data and control busses.
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Part 4 — Task III, Preliminary Design Analysis
Section 4 — Operation of the Local and External Intraconnects

4, EXTERNAL TIMING STRUCTURE AND TRANSFER FORMAT

Reservation and handshake control bits are packed into the External Intraconnect
time slot structure along with \B, LS and Block messages, providing an efficient
means for distributed, positive control of message transfers.

Messages are transferred between shelters via the external intraconnect
(EI). A mumber of timing constraints are imposed upon the design of this intra-
connect: (1) timing must be designed to provide high transmission efficiency for

the various types of messages, (2) bottlenecks which may cause EI saturation
must be minimized and, (3) the timing structure must be capable of accommo-
dating varying numbers of EIUs. It is desirable that the vulnerability resulting
from centralized control be avoided, and finally, the timing structure must be
capable of being reconfigured. Techniques have been developed which meet all
these requirements.

Using fiber optic links, a communication range of 2 miles induces a propa-
gation delay of 32 usec, This delay could be compensated for by the use of guard
bands of 32 usec between each message, however this would severely reduce trans-
mission efficiency and throughput, In the Hughes design, the need for propagation
delay guard times is eliminated by compensating for the delay by advancing the
start of the External Intraconnect time cycle in each EIU by an amount proportional
to the propagation time to the end of the cable. All messages are then received in
synchronism on the EI receive bus,

Figure 4.4.4-1, depicts the External Intraconnect time cycle in an FI
configuration of 16 shelters. Block (B) messages, VB and LS message trans-
fers, and transfer handshakes are packed in an orderly way in each cycle.

16 Short Block (SB) message slofs are provided in the timing structure to accom-
modate 16 EIUs, (assuming each shelter is assigned one SB message slot).

The amount of time in each cycle aliocated to transfers of block messages,
Virtual Bus messages or Lazy Susan messages is variable and is determined by
the application, For systems which make heavy use of the Virtual Bus and/or
Lazy Susan feature, most of the cycle time is devoted to transferring those mes-
sages. However, the time needed to transfer one maximum length Block message
(1024 18-bit words) is reserved. This time can be used to transmit many short
messages, a few long messages, or one maximum length message.

A small portion of each cycle (about 4%) is devoted to the ACK/NACK and
"front-end handshake' functions. The latter scheme contribuvtes to the elimin-
ation of bottlenecks and provides high transmission efficiency. Front-end hand-
shake is achieved through a three step process: (1) transfer of message counts
between Els, (2) requests for transfer of messages, and (3) the "granting" of
such requests,

Each EIU is assigned a message count slot so that it can notify other
EIUs as to the number of messages it desires to transmit during each cycle.

The message count slots occur at the beginning of each cycle.

4.4-6




The next step in the front-end handshake process is issuance of transfer
requests by EIUs desiring to transmit messages. The transfer request indicates
the destination address and message length. (In the example in the figure, 40
slots have been allocated for this function). The third and final step is the trans-
fer grant. These are replies from the destination EIUs which indicate readiness
to accept messages. If the EIU immemories are full, for example, it will not issue
a transfer grant and the EIU desiring to transmit the message will not do so. In
this way lost messages and the repeated transmission of lost messages are mini-
mized. One transfer grant slot is required for each transfer request. (40 in the
sample).

At the end of each cycle, slots are provided for the ACK/NACK. Perform-
-ing ACK/NACK within the same cycle as the message transmission permits rapid
indication of the status of the received message and avoids special handshake
messages. Based on the design example as depicted in Figure 4.4.4-1, for a
1.0 usec time unit (TU), the handshake pcrtion (overhead) uses less than 5% of
the total EI capacity. -

The next topic describes the message transfer process in more detail.

CYCLE (1250 TU) -
MESSAGE
COUNT
SHORT
BLOCK TRANSFER
TRANSFER GRANT -
REQUEST SHORT /NACK
SHORT BLOCK SHORT
I BLOCK / BLO‘CK
. . CK VB/LS
1.2,391.2.3.441.2 f4° 5 6‘7 1.2 f4|°|91| 0|1 1|1'| B5EG I / 1|3141515l1 2 ff‘:_

P *
MESSAGE COUNT " TRANSFER GRANT |’ ACK/NACK
L | . |
6BITS DESTINATION ADDRESS 15 BITS 28ITS

TRANSFER REQUEST

| A \
MESSAGE
DESTINATION ADDRESS , LENGTH
12 BITS ' eBITS !

Figure 4.4.4-1. Structure of External Intraconnect Time Cycle. Allocating time periods for
short messages between “handshake” slots provides fast response and eliminates the need
for guard times.
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Part 4 — Task III, Preliminary Design Analysis
Section 4 — Operation of the Local and External Intraconnects

5. MESSAGE TRANSFER SEQUENCE

Messages are transferred over the External Intraconnect only after a clear
transmission path has been established. This is achieved by use of a reservation
method implemented via a distributed control scheme.

The sequence of events in transferring messages over the external intra-
connect is shown in the figure, As described in the preceding topic, a period
of time is assigned to each EIU which enables it to inform all EIUs the number
of inessages it wishes to transmit. These ""message counts' are transmitted at
the beginning of each cycle. Each EIU receives these counts and therefore knows
how many messages are to be transmitted during the cycle. While the count mes-
sages are being transferred to the EIUs (i.e., during the propagation delay time)
SB messages can be transmitted.

Subsequent to the time allocated for the first series of SB messages,
the EIUs detect their assigned transfer request slots and transmit transfer
request messages. These are received by the addressed EIU which checks the
status of its receive memory to determine if it can accept the message from the
"sending' EIU. If it can, the destination EIU transmits a transfer grant for
each message it can accept. The transfer grant contains a 15-bit field for the
destination address and an indication to "send" or "don't send."

Again, in order that time not be wasted due to propagation delays, slots
for SB messages are allocated both before and after the transfer request and
transfer grant slots.

The Block messages for which transfer grants have been received are
then transmitted in their appropriate reserved slots. Transfer of Block mes-
sages continues until interrupted by Virtual Bus and Lazy Susan time slots. After
the EIUs transmit these two types of messages, and following another SB mes-
sage period (compensating for propagation time) each EIU responds with an
ACK or a NACK for each message for which a transfer grant was issued.

The above described process ensures that

e a clear transmission path has been established prior to start of

message transfer

e each EIU is aware of the order and length of each message trans-

mission

It should be noted that these characteristics are achieved in a highly
responsive manner without wasting time waiting for propagation delays, and
by means of a distributed (not centralized) control mechanism.
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Figure 4.4.5-1, External Message Transfer Sequence. A distributed reservation control
scheme provides for high transmission and efficiency and reduces bottlenecks.

4.4-9




et

Part 4 — Task IlI, Preliminary Design Analysis
Section 4 — Operation of the Local and External Intraconnects

6. EXTERNAL TIMINC: ACQUISITION ALTERNATIVES

Automatically switchable timing masters and '"passive' master timing functions
complement distributed control of the External Intraconnect. Epoch synchroni-
zation intervals are more efficient than message preamble synchronization

procedures.

At the 20 Mb/s data rate per fiber (3 fibérs @ 20 Mb/s = 60 Mb/s) tim~
ing accuracy is an important factor in reliable message reception. Each EIU has
its own timing gererator. Because all EIU timing must be constructed on a single
timing base to assure a smooth and orderly data flow, the timing must be synchro-
nized among the EIUs. Many timing acquisition approaches have been developed
using open loop or closed loop procedures for this purpose.

" 1n the open loop sync without a preamble, synchronization sequence is
placed in front of each message transfer. The receiver detects the synchroniza-
tion sequence to determine the message bit locations. Frequently the timing is
refined via a tracking process. In closed loop sync methods timing is acquired
via round trip transmissions. In this case, the timing is acquired prior to mes-
sage transmission, In TDMA systems, the timing is often synchronized to a
time reference and a preamble is used for each message transfer,

Open loop timing methods have the advantage of simple processing but
generally provide low transfer efficiencies. The closed loop method requires
more complicated processing and requires a reply from the "donor". Fora
TDMA system, a propagation delay guard time is generally provided, reducing
transmission efficiency, or with a critical node (a relay) to eliminate the propa-
gation guard time. The Hughes FI design with its external transmit and receive
bus structure allows the use of a simpie open loop timing acquisition procedure.
Propagation guard time can be eliminated without creating a critical node.

A two step procedure is employed for EI timing acquisition: (1) epoch
sequence synchronization and (2) loopback sequence synchronization, A timing
master is also introduced as a timing reference. A 100 us time duration is
allocated in each 10 cycles for timing acquisition, This total time (10 cycles)
is defined as an epoch. The 100usec duration is further divided as depicted in
the figure. At the beginning of the 100 usec period, the master (any EIU) trans-
mits a synchionization sequence called epoch sequence. Other EIUs initialize
timing by switching to the listening mode. A correlation of the epoch sequence
establishes an epoch timing mark. The master transmits an address code after
the epoch sequence to poll an EIU for a loopback sequence transmission. A
loop-back measurement period is provided the propagation delay from trans-
mission to reception can be measured. The measured delay is then used to bias
transmit timing to compensate for propagation delay. After the initial net entry
tming acquisition, the epoch sequence can be used by E1Us for timing updates.
Stability requirements of the EIU oscillators are not demanding. Based on a 1.25
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msec cycle time and a 10 cycle epoch, a 10 nsec drift per epoch requires an
oscillator stability of approximately 106, A stability of 10~8 can be readily
obtained using a temperature stabilized crystal oscillator.

Precautions against creating a critical node by the use of a master timing
reference have aiso been taken. Every EIU can be a master. In cuse of failure,
master functions are automatically taken over by the next backup EIU. Since the
master function only involves a passive sequence and address transmission, a
temporary failure dces not interrupt FI communicaticus.
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Figure 4.4.6-1. Epoch Structure for External Timing Acquisition. An epoch timing acquisition
technique is used to measure propagation delay times.
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Part 4 — Task III, Preliminary Design Analysis
Section 4 — Operation of the Local and External Intraconnects

7. TIMING ACQUISITION PROCEDURE

Timing acquisition by each EIU is a two step procedure which provxdes propaga~
tion time compensation without the use of guard times.

The two step timing acguisition (synchronization) procedure shown in
Figure 4.4. 7-1 establishes both reception and transmission timiing. The first step,
epoch =equence detection, is a passive sequence correlation for course synchro-
nization. The second step, loopback sequence correlation, is a process for fine
synchronization. Neither step requires responses from EIUs other than the
master,

Epoch Sequence Detection — Timing acquisition is performed for each
attempt of net entry. The EIU is normally set to receive 'ata from the EI. The
signal from the EI is continuously passed through a correl..tor where a correla-
tion with a prestored epoch sequence reference takes place. Upon correlation
the EIU examines the polling address and epoch number. (The polling address
and the epoch number are incremented by one each epoch time.) After a preset
N check, coarse synchronization which establishes basic receive timing is
achieved.

Loopback Sequence Correlation — After coarse synchronization, the EIU
continuously exams the polling address to locate the time for its loopback sequence
transmission. The loopback sequence is transmitted and looped back to the
receiving portion of the EI. The time difference between the transmission and
reception is the propagation delay time. The epoch number and the delay measure-
ment are then used for biasing the transmission time to compensate for the delay.
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Figure 4.4.7-1. EIU Timing Acquisition. A simple two-step proccdure establishes Extcrnal
Intraconnect trausmit timing to compensate for propagation time.
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Part 1 — Task IIl, Preliminary Design Analysis
Section 5 = Preferred Standard Interface Description

1. PURPOSE AND BACKGROUND

A set of hardware and software standards termed the Preferred Standard Inter-
face (PSI) has been developed fer the FI/DTE interface. The PSI meets the
needs of and promotes the further development of modular c3 systems.

In the concept of modular communication, command, and control
(modular C3), every item of Data Terminal Equipment (DTE) utilizes the same
data distribution system. The purpose of the Mod C3 FI Analysis program is
to develop such a data distribution system, known as the Flexible Intraconnect
(FI). The FI design must offer extreme flexibility and a wide range of applica-
bility. Instrumental to the flexibility and applicability of the FI is the FI/DTE
interface. As a result of a 3-task study effort a PSI has been defined. It con-
sists of a set of hardware interface and software standards.

In order to achieve long term flexibility and capability, a modular intra-
connect system must have a generalized rather than a specialized design. Each
intraconnect unit must be designed for full capability in order that each new
application does not require a major redesign effort. In addition the FI must be
capable of being configured and reconfigured in essentially an unlimited number of
ways and in which DTEs may be attached to any FI outlet,

Several options were considered for the Preferred Standard Interface
(PSI). Each option included a physical interface and a transfer protocol for
that interface. The four options considered were the IBM 360/370 interface
and protocol, the DEC PDP-11 interface and protocol, the Intel 8080A interface
and protocol, and the Hughes AN/UYK-40 interface and protocol. The Intel
8080A option was selected because it is the simplest and is the most suitable
for a Direct Memory Access (DMA) type of message iransfer.

In the FI, and LIU interfaces directly with each DTE via the PSI. The
Task 2 design specified that data be transferred across this interface ir
9-bit halfwords. Depending on the direction of transfer, the LIU assembled
9-bit halfwords into 18-bit message words or the LIU disassembled the 18-bit
message words into 9-bit halfwords. The LIU examined every halfword after
each transfer to check for the end-of-message.

The message format consisted of a header section and a data section.
The header section contained three 18 bit words. The words had various
interpretations which depended on the message type. The data section con-
tained up to 1624 (18 bit) data words, o1. 18-bit end-of-message word, and
one 18-bit error check word.

In Task 3, the PSI concept of Task 2 was modified ancd developed
further, The final PSI design is an asynchronous half duplex interface. It con-
sists of 4 unidirectional control lines and 18 bidirectional data bus lines. The
control line complement is minimal due to the protocol of message transfer and
to the FI related control information in the message headers. Messages are
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transferred in either full word segments over 18 data lines or in halfword
segments over 9 data lines. The protocol of message transfer accepts a wide
range of transfer rates from 180 megabits per second maximum to one word per
10 seconds, minimum,

The standard for the message format specifies a header section and a
data section. The header section consists of 16 18-bit words. The information
fields in the header have been defined so that each header word has only one
interpretation. The data section consists of up to 1019 18-bit data words and
5 18-bit error check words.

All agpects of the PSI, including the message format, are described in
greater detail in the five following topics.

TABLE 4.5.1-1. MAJOR ADVANTAGES OF THE
PREFERRED STANDARD INTERFACE

Supports a modular concept for C3 Systemé
Accepts a wide range of user devices
Allows rapid reconfiguration of system devices

Allows for reassignment of functions among user devices
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: Pari 4 — Task III, Preliminary Design Analysis
i Section 5 — Preferred Standard Interface Description

2. GENERAL DESCRIPTION OF THE PREFERRED STANDARD INTERFACE

The Preferred Standard Interface is a half-duplex interface featuring asynchron-
ous data transfers using four control lines.

The Preferred Standard Interface (PSI) is the standardized interface
between the Flexible Intraconnect (FI) system and the user devices. The Local
Intraconnect Unit (LIU) interfaces directly with each DTE and provides the FI
side of the PSI. The PSI, evolved from the Inte! 8080A protocol, uses a
bi-directional data bus and four uni-directional control lines to achieve positive
handshake control of data transfer.

The PSI is a half-duplex interface. (See Figure 4.5.2-1.) Use of a full-
duplex interface with bi-directional lines would require the DTEs and LIUs to
examine each message word in order to determine the beginning and end of each
message. The Output Data Request (ODR) and Input DATA Request (IDR) control
lines establish the direction of each transfer, the start of each message, and the
end of each message. In establishing the direction of transfer, ODR has priority
over IDR, If the LIU activates ODR within two microseconds after the DTE
activated IDR, the DTE yields to the LIU. The DTE monitors ODR and may not
activate IDR while ODR is activated. Similarly, once the two microsecond period
has passcd, the LIU monitors IDR and may not activate ODR while IDR is
activated.

When the direction of transfer and the beginning of the message are
established, a message is transferred hy changing logic levels on the remaining
two uni-directional control lines. A message is transferred either in fullword
segments over eighteen data lines or in halfword segments over nine data lines.
The control lines uccomplishing these full or halfword transfers a e referred to
by different names, depending upon the direction of message transfer. LIU
Register Full/LIU Register Available (LRF/LRA), when rcferred to as LRF,
indicates the LIU has a message segment on the data lines to transfer to the DTE.
LRY¥/LRA, when referred to as LRA, indicates the LIU is available to accept a
message segment from the DTE. DTE Register Full/DTE Register Available
(DR¥/DRA), when referred to as DRF, indicates the DTE has a message segment
in the data lines to transfer tc the LIU., DRF/DRA, when referred to as DRA,
indicates the DTE is available to accept a message segment from the LIU,

Each word or halfword is asynchronously transferred via the PSI undcr
positive control. A word or halfword is presented for transfer on the data lines
when and only when the control signal from the receiving device indicates the
input register of the recciver is not busy. After transfer occurs the receiver
acknowledges acceptance of the data. Then, and only then, is the da:a cleared
from the scnder's output register. Whether the sender is the DTE or the LIU,
the DTE always controls the instantaneous transfer rates.

An asynchronous transfcr method was selected because it accommodates
a wide range of devices and avoids dependency on timing or signal transitions
which require close cotpling and complex interface logic. Asynchronous trans-
fers eliminate the wide variety of conditional control lines needed in a synchro-
nous interface to meet the interrupt, signal conditioning, and software require-
ments of complex devices.
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The maximum instantaneous transfer rate is ten megawords per second
or twenty mega halfwords per second (180 megabits per second). The minimum
instantaneous transfer rate is one word every ten seconds, The LIU is designed
with this dynamic range in order t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>